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LYMPHOGENOUS INFECTION THE CENTRAL NERVOUS 
SYSTEM 


obscurity which surrounds the genesis almost all 
tory lesions the central nervous and those which are 
legenerative except focal lesion exists, will 
the causation the iesion, the point origin the 
morbid change and its propagation, are constantly 
regard cases meningitis, tabes dorsalis, dementia para- 
lytica, and the non-svyste mic scleroses, and the theories advanced have 
often been based assumptions devoid proof which have tended 
rather divert the investigator from, than lead him to, the right 
path. Nor should one astonished that this so, for the 
anatomy the nervous system, its complexity function, 
comparative inaccessibility experimental methods, have taxed the 
ingenuity the investigator the utmost. Hence the theories regard- 
ing the genesis many morbid phenomena have been based upon 
deductions built the examination tissue which the chronicity 
the changes obscured the original starting-point the retrograde 
inflammatory process. This applies particularly subacute and chronic 


lesions, systemic and affecting the columns the spinal 
cord. 

For years has been apparent that continued examination these 
chronic lesions while increasing our knowledge detail yet failed 
widen regard etiology, and though influence naturally 
received due recognition, its source and mechanism action remained 
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ole 


unexplained. seemed obvious, therefore, that investigation ought 
directed towards elucidating the mechanism production those 
lesions and the first step naturally involved study all possible paths 
infection and intoxication. with one these, infection via the 
lymphatic system peripheral nerves, that this paper mainly deals; 
and propose give synopsis our observations clinical 
cases and experiment. Much the detail which our conclusions 
have been founded must necessarily omitted; that will found 
the appended list publications. 

all probability the controversy surrounding the genesis 
lesion tabes dorsalis and the recognition dementia paralytica 
inflammatory disease were most important factors directing 
attention the lymphatic system the cerebrospinal axis; and 
important step forwards was taken with the demonstration 
continuity the peripheral nerves with that the 
spinal cord. The injection into nerves organisms and coloured 
substances showed that the was ascending one towards 
the cord and that the main current lay the periphery the nerve- 
bundles immediately under the fibrous sheath. must borne 
mind, however, that this statement regarding the main current 
lymph nerves was based experiments which organisms have 
been injected into the nerve substance. Where infection from 
without will shown that organisms and toxins can 
take place along the outer surface nerves and give rise 
ascending epi- and perineuritis 

Infection along peripheral nerves had been deduced for many years 
regard tetanus and rabies, and the recognition wider applica- 
tion this principle suggested new line research along which 
explanation certain other pathological phenomena might sought. 
Valid proof the principle will found the following short résumé 
the literature. 

Marie and Morax cut the nerve the fore limb animal, 
and later injected lethal dose tetanus toxin into its paw with 
negative result. and Laitinen injecting streptococci into 
the sciatic nerve, traced them upwards into the meninges the cord 
while Pirrone employing the found changes the 
cord limited the side corresponding the infected nerve. 
addition organisms, chemical and inert substances equally 
instructive njected ferric chloride into the 


sciatic nerve, and subsequently introducing potassium ferrocyanide into 


J 


LYMPHOGENOUS INFECTION THE CENTRAL NERVOUS SYSTEM 273 


the general circulation found Prussian blue the posterior roots; 
found that coloured fluids diffused from the pial lymph spaces the 
posterior part the cord into those the posterior columns. Marie 
uid Guillain concluded from their work that there common 
lymph system for the posterior roots, the posterior columns and the 
pia covering them, and that the lymph flows freely the intervals 
between the fibres and other structures. They state that tabes 
lesion this system, most probably syphilitic origin. and 
Bauer injected china ink into nerves and found that the granules 
scended along them the cord; and according D’Abundo and 
the lymph the posterior columns pursues ascending 

simultaneously passes forwards towards the central canal. 


these experiments therefore are ample evidence the 


infection the central nervous 
investigations are particularly convincing. Twenty- 
injection bacteria into the sciatic nerve, they 
the space situated the internal surface 
can traced along the internal surface the 
glion, along the inner surface the perineurium 


the posterior, and into the cord 

spread into the peripheral zone the cord and 

the postero-median septum. The bacterial invasion 

inflammatory reaction, which experimenting with 
ess degree and inconstant. 

eriments, too, are extremely interesting. 

into the dental 

after some days. Microscopic examination 

iscending inflammatory neuritis spreading and 

Zalla whose monograph 

the observations ascending 

methods experiment Spitzer and 

has not confirmed the former’s work 

the Bacillus pyocyaneus, demon- 

inflammatory phenomena, spreading the sciatic nerve 

spinal ganglia and spinal roots, especially the posterior, 

and meninges. After careful criticism agrees that 

conclusions are correct and admits the possibility 

diffusion inflammatory process along peripheral 

central experiment While admitting this 
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experimental diffusion careful the same time point out that 
differs greatly, its course, from the true ascending neuritis found 
the human subject. This point, however, need not considered the 
present importance compared with the fact 
that organisms and toxins can reach the central system 
diffusion along the lymph path peripheral nerves 


EVIDENCE INFECTION THE CENTRAL NERVOUS SYSTEM 
DIFFUSION ALONG THE PERINEURAL LYMPH SYSTEM CLINICAI 
Cases (LYMPHOGENOUS INFECTION) 

1903 had the opportunity examining the nerve tissues 

case left brachia! neuritis twelve duration. The exciting 

agent this instance was the Staphylococcus pyogenes 

found the brachial plexus bathed pus which had burrowed among 
the cervical muscles well and surrounded the root ganglia 
cervical cord. The microscopic examination the tissues proved 
great interest. The loose areolar tissue round the spinal root 

the left side was greatly inflamed, the veins were thrombosed and 


contained many cocci. Those not thrombosed were greatly congested 


the arterioles, the other hand, showed morbid 
ganglion capsule there were hemorrhages and cocci, more evident 
the outer lavers, and amongst the nerve-cells dilated venu 
capillaries containing micro-organisms Similar changes attected 
perineurium the brachial plexus, but less 
were found the dura the cervical cord loose 
covering it. One small group only was observed 
covering the posterior columns. There were 
either membrane The 6th and cervical root ganglia 
right side were examined. There were thrombi the 
areolar tissue, but scattered hamorrhages which were few 


cocci were found the ganglion substance 

The extramedullary portion the anterior and posterior cervical 
roots was examined for degeneration Marchi’s method 
was found. the spinal cord, however, the same method demon- 


strated acute degeneration whose distribution was contined 


the cervical region. seventh, sixth, and fifth segments showed 
much the greatest degree degeneration There 


degeneration the intramedullary portion the left posterior root, 
which, commencing the point where the fibres lose their neurilemma 
sheath, affected the middle area the root entry zone. the right 
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side the degeneration affected the same area, but was less marked. 
There were degenerated fibres each side the postero-median 
septum. the lateral columns the cord either side the 
septa derived from the pia-arachnoid there was considerable degree 
myelin and here and there the posterior and lateral 
regions there were degenerated myelin droplets the cord margin. 
considerable degree degeneration was observed connection with 
the intramedullary portion the anterior roots their whole course 
from the cord periphery the grey matter. There was degeneration 
the collaterals running from the left root entry zone the anterior 
cells, and also the anterior commissure. All the vessels 
the cord and meninges were vre atly congested. 

Special attention should directed one point this case, and 
that the presence gross degenerative lesion the spinal cord 
‘igin. The toxins must have passed along the perineural 
from the area round the spinal ganglia and 
brachial plexus; once having gained the cord they flowed with the 
lymph into the anterior and posterior root entry zones, and also round 
the cord the meshes the pla. When come later study the 
lesions induced infecting the system 

rves will seen that precisely the same situations are involved 

Further evidence will now brought forward the following series 
cases support the view that lesions the spinal cord can result 
from the diffusion toxins upwards along nerves from peripheral foci 


infection. The-description the cases condensed order save 
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Case cellulitis, renal Very slight degeneration 


abscesses, double empyema posterior columns saeral 

duration the left side, abscesses region. reaction among 

the cervical muscles the anteri licul fibres of S4 
especially the left sid 
changes lumb cord 

ation in the O el \ ) 

les 
beginning the entry 
Lona ery Ss 


lumbar vertebra ps 3s ( 
the right sid \ ( I S] L4 
right 
left kne oint S | 


All the above cases were studied the Marchi method for 
degeneration, and all showed involvement the posterior columns 
that region the cord which corresponded the nerve the 
infective focus times also the anterior radicular fibres wer 
affected. Case and the case brachial neuritis illustrate these 
points very well. Another noteworthy point that the degeneration 
both anterior spina 
where the fibres entering the cord lose their sheath, that 
the intramedullary portion, and the case the anterior roots 
the degeneration some instances has been traced from the 
into the matter, where terminated among the cells. 
effect the toxins not always exerted the lateral portions 
cord. the case brachial neuritis, however, find the latera 
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diffusion very marked, fact explained all probability the 
high activity the infective focus and its close proximity the spinal 
cord. greater the degree toxicity, therefore, the lymph- 
stream, the more diffuse the cord lesion. 
The extramedullary portions the spinal roots the above cases 
were examined for degeneration with negative result. seems clear, 
therefore, that toxins can ascend along lymphatics 
without producing parenchymatous changes the nerves. reaching 
the cord, however, they give rise degeneration the myelin sheaths 
vith which they come into contact. the same time, saying this 
not mean affirm that parenchymatous changes are absent 
all cases. will shown another part this paper how organisms 
toxins cause epi- and perineuritis they pass upwards along 
the nerves; and conceivable that such, acute nature 
action for prolonged period, would tend induce secondary paren- 
chymatous changes, especially were extension the inflammatory 
process take place along the septa between the nerve-bundles 
EVIDENCE LYMPHOGENOUS INFECTION THE CENTRAL 
SYSTEM FROM DEGENERATIVE LESIONS 
When the examination clinical material had shown that lesions 
the central nervous system had definite anatomical relationship 
ith the nerve supply peripheral infective areas, and that these 
lesions depended upon toxic diffusion along the perineural 
seemed that this view experiment would the most 
certain method obtaining definite data. 
Instead injecting organisms toxins into the nerves which 
proposed operate, placed celloidin capsule containing 
broth culture micro-organism contact with the nerve. one 
series experiments this was placed under the gluteal muscles along- 
side the sciatic another series under the skin the cheek. The 
experimented upon were rabbits and dogs, and the organisms 
bacillus obtained from case dementia paralytica. commenced 
experimenting with all these bacilli, but later adopted 
aureus whose virulence had been raised. was also found expedient 
renew the capsule intervals. Some these capsules remained 
intact, others did not, and variable amount leakage occurred. The 
tissues from the first series experiments were prepared for examination 


| 

} 

} 


278 ORIGINAL ARTICLES AND CLINICAL CASES 


the degenerative changes the medullated fibres the nerves, 
cord, medulla, and pons. Marchi’s osmic acid method was employed. 
Those from the next two series were prepared demonstrate the inflam- 
matory phenomena. capsules were left situ for periods from 
fourteen days six weeks. Control experiments were carried out with 


capsules containing sterile broth. 


CAPSULE CONTACT WITH SCIATIC NERVE. 


the lowest segments the cord degeneration was found. 
method, however, gave reaction the 
enlargement. The degeneration the exogenous system the 
posterior columns was seen begin immediately the point where 
the fibres lose their neurilemma sheath; involved the root entry 
zone and the remainder the columns with the exception 
small area behind the commissure and the posterior periphery the 
There was considerable degeneration the collaterals, which 
principally affected those running through the antero-internal angle 
substance the posterior grey horn; those passing towards 
the anterior cornua showed much less alteration. The degeneration 
diminished rapidly the lower dorsal segments 

one experiment capsule was also placed under the muscles 
the upper dorsal region The capsule ruptured and 
pus was found among the cervical muscles the right side. There 
was degeneration the posterior columns the lumbar enlargement, 
distributed noted above, which steadily decreased 
upwards, and the lower dorsal cord consisted few scattered 
tibres round the postero-median septum. the upper dorsal region 
considerable degeneration again appeared the root entry zones, 
especially otf the right side: this, however, was not so systemic n 
character that the lumbar region. the cervical cord there was 
a marked increase in the number of de generated fibres which filled the 
posterior columns, with the exception the zone immediately behind 
the commissure and that adjoining the cord periphery. The collaterals 
leaving the root entry zones were degenerated, but not further 
than the level the commissure. 

one case there was also degeneration the lateral columns 
the vicinity the posterior horns. The extramedullary portion the 
posterior roots was examined Marchi’s method: degeneration 


was present. 
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CAPSULE UNDER SKIN CHEEK. 


The medulla and pons were cut serial section and the Marchi 


method demonstrated degeneration the cranial nerves their intra- 
medullary course. The degree degeneration varied intensity 


Third verve, There Was a high de cree ol deve neration ol the third can ra 


nerve from its point emergence back the nucleus origin, towards 


which the morbid change diminished intensity. The degenerated 

myelin showed long, thin, black threads arranged parallel 

nuous rows and with moniliform swellings. 


nerve There was less degeneration this than the third 


nerve. ‘There were short sinuous black filaments the point 


mergence The degenerative phenomena decreased rapidly from 


below upwards and were absent the nucleus origin. 
morbid change both sensory and motor portions 


very marked. the latter were short, thin, black filaments with 


swellings intermingled with swollen globules which could 
traced into the principal nucleus origin and for short distance 
ipwards along the mesencephalic root. the former there was 
degree degeneration which could traced for variable 
distance the descending root; one case the degeneration extended 


lown far the lower part the The degeneration 
began the point where the neurilemma sheath ceases exist, 
vas very profound especially and immediately inside this point, and 
the way down the root was identical with the appearances found 
Wallerian degeneration. 

ree alteration this nerve 


Surth nerve There was a reater de 


han the others, and the morbid appearances were similar 


haracter those the third nerve. The maximum degeneration 

‘curred this nerve between point just posterior the corpus 
trapezoides and the margin Here the myelin was 
fused into short and long masses somewhat sinuous outline; some 
ended swollen bulbs, others were prolonged into fine black threads. 
‘There were many scattered isolated threads and also polymorphic 
the middle third the nerve were sinuous rows fine 

black filaments running parallel each other, and towards the nucleus 


origin these filaments degenerated myelin were finer, fewer 
number and could traced curving round the ascending portion the 


seventh nerve the floor the fourth ventricl 
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Seventh degeneration here was much less. com- 
menced the point where the neurilemma left the nerve-fibre and de- 
creased centralwards near the nucleus there were merely traces altered 
myelin. the distal portion and ascending limb the degeneration was 
mostly the fragmentary type mixed with few black filiform varieties 

BRighth nerve -The devree ol dea heration Was slight and only seen 
the cochlear division where there were black threads wit! 
moniliform swellings ending abruptly lateral the restiform body 

Ninth, tenth, eleventh, these there wer 
changes worthy note. The extramedullary portion the cranial 
nerves was examined method and degeneration was 
present. The degeneration the pons and medulla was strictly con- 
fined the intramedullary course the nerves, except one instan 
where there was some degeneration the fibres the corpus 


trape zoides on either side f the sixth nerve for a short distance 


The alteration the mvelin sheaths rather unusual, especial 
that the motor cranial nerves. xth, for example, there wer 
grades degeneration the initial stage the mvelin 
darkly (Marchi method), was swollen and vacuolated, later 
thick fusiform masses and then elongated structures 
distal segment the intramedullary portion the nerve 
and presumably the morbid change spreads from the periphery 
nucleus origin With this there change the extramed 


lary part, that the degeneration clearly not Wallerian. 


extension and the appearance this variety degeneration ty] 
of acute toxic infection and is known as “ seg? ntal necrosis ‘I 
black fusiform masses and sinuous threads indicate acute necrot 


liquefactive change the medulla 
all the other cranial nerves and the spinal cord one 
abundant evidence primary myelin varying 
times the sheath showed degeneration the neighbourhood 
axis others the periphery was the descending 
root the fifth the pons and medulla, and the root entry 
and collaterals the spinal degeneration 
Wallerian character, the degenerate fragments and globul 
lying rows along the course the nerve and reaching 


the fifth cranial nerve the lower part the medulla 


From the clinical cases and the results experiments arrive 


the following conclusions spinal and cranial nerves there 
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ascending lymph-stream the central nervous system whose main cur- 


rent lies the spaces the perineural sheath. Toxins reach the spinal 
cord and brain this route; and although they spread some degree 
the lymph-spaces the pia-arachnoid, and may affect structures 
distance from the point entrance, they pass for the most part 
the main stream along the nerve roots into the substance the central 


nervous system. (2) Outside the central axis the nerves are possibly 
pre tected the vital action their neurilemma sheath most probably, 
however, the peripheral situation the current which the 
leciding 
The following case, which give abstract, confirms many 
the observations which have just drawn attention. was one 
general paralysis the insane, and the autopsy addition 
the usual morbid appearances there was acute ulceration 
the colon, especially the lower portion, and acute The 
urine was blood-stained and very offensive was addition sup- 
puration the right knee-joint two weeks’ duration. Cultures wer 
made the cerebrospinal fluid the lateral ventricle and from the 
lumbar region, which vielded abundant growth bacillus, rod- 
shaped rule, but often thread-like. The right sciatic 
vas examined for organisms with negative result. They were found 
ibundantly the following regions, however: the internal layers 


perineural sheath the posterior and anterior lumbar spinal roots, 


the fibres the posterior root entry zone, the 


ost 
the pia-arachnoid round the cord margin, its septa passing into the 
where they were most numerous the periphery, the intra 
medullary portion the motor fibres, and the central canal and 
neighbourhood. the spinal roots the organisms were observed 
passing inwards along There were many organisms within 
the adventitial both cord and roots, but none within the 
lumen the vessels The vessels were dilated, congested, and 
space infiltrated with small round cells The 
within the cord, therefore, tind their way into those areas which 
iffected toxic diffusion. Thi well brought out 
reference the case brachial neuritis, which will remem- 
bered the myelin degeneration was distributed root 
entry zone, the anterior radicular zone, under the pia-arachnoid and 
along the septa the central parts the white 
T) 1S LS¢ ot organisn il infection 1s ol msiderabl sionificance 


shows that the cerebrospinal into the adventitial 
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spaces the vessels, which may thus infected secondarily. 


know, too, that the products degeneration many cases may 


swept into these spaces until the vessel stains jet black with osmic 


acid. most probable that the unity the adventitial lymph system 
with the general circulation the cord the true explanation 
the vascular phenomena found acute lesions, 
genous origin. Strong support favour that view will found 


the next series experiments. 


CENTRAL NERVOUS SYSTEM LYMPH SYSTEM 
PERIPHERAL NERVES. 

Series method experiment adopted was similar that 


rganism was placed under the gluteus maximus rabbit dog 


ind contact with the sciatic The organisms emploved for 
expernnent vere the St) cus pyogenes aureus, a diphthers d 
bacillus from case general paralysis the insane, and the 
the animals were allowed live for periods 
month. first found that movements the part the 


animal caused the capsules burst; this was reduced minimum 
using small capsules and thus obtained 
suppuration. 

After the tissue had been placed formalin per cent. for 
least fourteen days, longitudinal sections were made the trunk the 
sciatic nerve its whole length, and the lumbo-sacral ganglia with 
the anterior and posterior roots attached. the celloidin 
capsule with the nerve adherent was embedded cut 
transversely, and the sections fixed albuminized slides. propose 
begin our description with the morbid phenomena 
ind will then pass the changes the epi- and perineurium, 
the signs irritation the nerve, and finally, those the spinal 


roots and ganglia. The sections were stained either with toluidin blue 


ilone, or counterstained with erythrosin 


Suppuration occurred. 


experiment ten days’ duration, the inflammatory exudate 


binds the nerve fairly firmly the capsule, and composed definite 
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layers (fig. 1). that lying nearest the capsule there are 
number polymorphonuclear leucocytes mixed with many cells whose 
protoplasm scanty quantity and whose faintly stained oval nucleus 
medium size contains very little chromatin (fig. 2). Many 
these clear nuclei are considerably distorted, others are placed excen- 
trically cell body fair dimensions. Excentricity the nucleus 


frequently associated with diminution size. The second 


composed almost exclusively typical fibroblasts (fig. 
joins the first layer there are small round basophilic bodies suggestive 
degenerated polymorphonuclear its opposite margin 
are few lymphocyte-like cells, some clear oval nuclei with littl 
chromatin, and some young fibroblasts whose nuclei though elongated 
are still oval contour. This fibroblast layer intimately connected 
with the epineurium, which intensely inflamed. 

There change the character the cellular reaction immedi- 


ately the line crossed between the fibroblast and the highly 
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vascular epineurium. this there are large number cells around 
the capillaries and veins; there are also groups new vessels. With 
high magnification the adventitial sheath the veins seen 
infiltrated with small round cells whose nucleus stains deeply (fig. 3). 
Many these surround the smallest vessels and lie free the inter- 
vening tissue. some, the protoplasmic body 
many, however, there faintly stained narrow ring cytoplasm 
others, again, the cell body quite distinct, stains violet colour, 


ind the nucleus Around some capillaries and veins 
are typical young plasma-cells with round, excentric nucleus, violet 
vaguely granular protoplasmic body, and distinct crescentic halo 
the central side the nucleus (fig. shall note the presence 
plasma-cells frequently, may advisable define what mean 
the term. The body, rule, round, but may fusiform 
according pressure numbers the density the tissue 
the cells are the protoplasm stains blue blue- 
violet colour, and avree with Nissl that while not 
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still not homogeneous. There halo varying size 


the central side the excentric oval round nucleus, which 
strongly staining chromatin particles may uniformly distributed, 


ippearance., 
the areas new vessel formation there are many cells with 


large clear oval nucleus scattered amongst the round cells. Sometimes 
cytoplasm visible; the majority, however, possess small quantity 


protoplasm which stains very lightly. limited number 
lent and drawn out both ends the cell fine thread, 


developing fibroblasts. 


At the twentieth day much the same phenomena are seen, with, at 


ume time, some important though slight differences. the 
polymorphonuclear layer next the capsule the cytoplasm the cells 


clear oval nuclei much more prominent. Some are reticular 


ae 
appearance with nucleus irregular outline the second layer 
the transition from adult fibroblasts very well seen, and 
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indicated the progressive flattening and elongation the nucleus 
and the marked increase length the protoplasmic body. 
the side this second laver which nearest the nerve there are 
groups reticulate cells, amongst which are few fibroblasts. These 
cells possess large, faintly stained reticular cytoplasm; some the 
nucleus large, pale, and irregular outline, while others 


much reduced size, stains deeply, and excentric 


Fic. 4.—Plasma-cells round vein. Note the absence proliferation 


some experiments the nerve was carefully stripped 
capsule and cut longitudinal section order study specially the 
reaction phenomena the the tenth this 
vascular tissue shows remarkable degree inflammation, especially 
around the veins and capillaries (fig. 5). There are many proliferated 
nuclei, some which are small, round, and deeply stained others, again, 
are large and pale, with fine granules chromatin. The 
the pale nuclei are oval shape and regular outline some, however, 
are more elongated pear-shaped, and others the nuclear membrane 
may irregular indented. The round, darkly stained nuclei 
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large numbers, and there are plasma-cells stages development 
amongst them. Many these plasma-cells not stain quite normally, 
and occasionally some are seen regressive phase which the body 
pale and hyaline, while the nucleus stains deeply and crenated 
The intima the vessels around which this proliferation occurring 
comparatively free from irritative phenomena; all that seen 


swelling the endothelial which may project into the lumen 


become detached. Occasionally, there are small collections poly- 
morphs and seen the vessels and lying 
periphery the this the only evidence participa- 
tion the elements the inflammatory process. The 
connective tissue nuclei the areolar reticulum are pale, swollen and 
distorted, and there are plasma-cells lying, not only amongst them, 
but free the spaces. 

the section happens pass longitudinally through the adventitial 
coat alone clearer est.mate the degree proliferation this sheath 


obtained than the included. The adventitial spaces are 
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tilled with mass cells possessing large clear nuclei almost every 
conceivable shape, ard with plasma-cells all stages transition. 
many these the protoplasmic body quite typical, but the nucleus, 
though excentric, oval and clear and quite indistinguishable from 
reacting adventitial nucleus. There are other plasma-cells 
elongated type which somewhat 

The degree proliferative change the 
filled with clear nuclei shape, round, oval, elongated and 
narrow, and irregular. The cell reaction less the inner 


Amongst the proliferated nuclei 


‘shape varies considerably, probably on account ol the }) sure exX¢ rted 


this dense lamellar tissue are triangular, others markedly 
show the characteristic vaguely with 
the halo They are constant feature the adventitia 
capillaries and veins, which always show proliteration 
the day the inflammatory reaction has changed great 

n character In the « pineurlum there are many round « val mediuim- 
sized nuclei varving staining reaction. There numerous 
plasma-cells are undergoing changes: thei 
nucleus and body are often pale, the halo perceptible, but 


the remainder the cytoplasm granular, and the 


the cell this stage the body 
reticular. Side side with these plasma-cells 
clear, reticular cells with small excentric nucleus 


deeply Young fibrous tissue cells are also present Plasma- 
cells are very numerous the perineurium and also the adventitia 
the veins which surround the nerve and pass into the septa between 
the bundles; they are typical 
rows along the adventitia, whose nuclei are proliferated and stain 
feebly. 

One inch above the upper end the capsule there the sheath 
the sciatic nerve considerable diminution the degree 
reaction. are many proliferated nuclei the 
which are almost all oval shape, and form small 
cells are rarely found lying free the areolar spaces. The 
cells the veins are enlarged, proliferated, usually oval outline, and 
amongst them are many plasma-cells all stages development. 
These are not quite large here the portion nerve which lies 
the capsule. Often their protoplasm scanty, 


outline, the halo narrow and more like perinuclear ring where several 
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are apposition they may cubical, but all the vaguely 


granular and the chromatin particles the nucleus, which inay may 
fashion. Associated with 


not central, are arranged 
isible cell b dy, or 


chromatin without 


them are round nuclei rich 


with the merest trace. The endothelial cells of the veins are fre (que ntly F 
swollen. 
The veins and capillaries within the nerve are much less atfected 

than the perineurium, and the inflammatory reaction more 

a 


sub-acute nature. ‘Lhe reaction the capillaries very variable, but 


6). The adventitial nuclei are and 


very definite (fig. 
the spaces are many small, round, dark nuclei, around some which 
moderate quantity vaguely granular there also 
narrow perinuclear space. Quite frequently, and connexion with 
the finest vessels, plasma-cell formation the predominant feature. 
These are, rule, arranged row along the vessel wall, and exhibit 
all phases transition from the youngest the mature forms. The 
endothelial nuclei frequently show considerable degree swelling. 
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There abundant evidence irritation just distal the sensory 
ganglia, the ganglia themselves, and the spinal roots lumbo- 
sacral enlargement. The nuclei the cells the ganglion are 
swollen and places proliferated. the veins there are groups 
plasma-cells. These are also present the adventitial sheath, whose 
nuclei are increased number. group fully developed plasma-cells 
often seen the proximal pole the ganglion just where the 
and posterior roots diverge. Their relation vein sometimes 


obvious, and hemorrhage may present with them. The capillaries 


both roots and the ganglion show the same changes described 


the fasciculi the sciatic nerve. The adventitial nuclei are proliferated, 


are round oval, and some the chromatin arranged similarly 
that the nuclei the plasma-cells which there are many examples 
all phases development 

Chromatolysis the ganglion cells rare and when present 
the peripheral type. The nuclei the nerve-cell capsule are proliferated, 
and times invade the outer zone the nerve-cell 
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summarize the above phenomena see inflammatory 
reaction the sciatic nerve which continued through the sensory 
vanglia and along both spinal roots (fig. toxins induce 
inflammation the fixed tissues, such the epineurium, 
neurium, and the veins and capillaries outside and inside the nerve 
reaction has been observed connexion with the arterioles. There 
marked diminution the severity the inflammation soon 


the immediate neighbourhood the toxic foeus left. The 


elements not participate the process, and the very slight 


nvolvement the intimal cells noteworthy. 


put the cellular reaction briefly, have, proceeding from the 
capsule 

(1) layer polymorphonuclear leucocytes mixed with large clear 
nuclei. 


(2) Developing and adult fibroblasts amongst which are clear nuclei 


similar those layer (1) 


the epineurium, new vessel formation, clear nuclei 


adventitia, round dark nuclei, and plasma-cells all phases 


of deve le plnent 


(4) the inner layers the perineurium marked 


] 


the degree inflammation. The cells the are proliferated 


there are many 


One inch above the capsule there much less reaction 


the epi- and 


Within the nerve the inflammatory phenomena are very slight 


compared with those the nerve-sheath. Plasma-cell formation, 


especially connection with the the most prominent 


feature. Similar vascular changes are seen the posterior root ganglia 


and spinal roots 


the polymorphonuclear layer and the epineurium there are 


many reticulate cells. Many the plasma-cells show regressive phases; 


their cell body becomes pale and hyaline, while the nucleus undergoes 


shrinkage. 


B.—Where Suppuration 


When through rupture the capsule the organisms escaped there 


was most intense inflammation the nerve. ‘The layer next the 
capsule composed groups organisms, polymorphonuclear leucocytes, 


many which are degenerate, and numerous cells with large clear 


nucleus surrounded varying quantity protoplasm. this 


pete 
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there broad band fibroblasts arranged parallel rows, and 
the epi- and perineurium high degree proliferation the fibrous 
structures and vessel-sheath. 

The proliferative reaction the nerve-sheath decreases from with- 
out inwards. inner lavers the laminar arrangement the fibrous 
tissue maintained, though the cells are elongated and swollen. the 
outer lavers the cells assume variety shapes. Some are elongated, 
others the protoplasm shows definite edge and lies one side 


} 


the nucleus Sometimes the protoplasm collected mass round 
nucleus, the nucleus may excentric and the 


body POssess 5 veral processes strenlmin away trom it There are 


many new formed vessels, some which traced 


epineuritia ain st the « sul Their walls consist I 
elongated cells, with pale fusiform nucleus and 
plasm streaming from either side Some these cells are 
proliferating and wander into the tissue 
are few, and are seen the neighbourhood the vessels 

sect the nerve above site ipsule there 
still proliferation the epi- and perineural sheaths, but less 
Cell proliferation the walls the vessels feature, 
is limited to the veins and ipillar es dvent neath \ 
the most pronounced intimal cells llen, and int 


stains more than normal Multiplication direct division 

be observe Tre \s ment ned LDOVE there irked 

lif +) ad tit ] ] ] na 

iferation the adventitial elements usually pale and 


oval, and the protoplasm may concentrated around extend 


outwards each side Some assume the characters and 


pass from the vessel wall into the fibroblast layer Amongst the pro- 
liferating adventitial cells another evident possesses 
rounded and deeply stained nucleus whose chromatin uniformly dis- 
tributed arranged around the nuclear membrane. The protoplasm 
may scanty, lie one side the nucleus surround it, 
separated from clear zone. Other cells show all the morpho 
logical characters the adult plasma-cell, and these with their inte: 
mediate forms occur large numbers the adventitia all the veins 
and capillaries, and also amongst the fixed connective tissue cells the 


areolar tissue the epineurium 


7 | 
majorit the n icleus parle ind fusifor times, | wwever, they 
are rounded and project into the lumen. With this the whole cell 
| 
| 
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inches above the seat maximum intensity there decided 
change the character the reaction. The adventitial sheath the 
veins filled with plasma-cells different stages development, and 
the intimal cells may normal show slight degree swelling 
the capillaries the intimal reaction often more prominent than 
the veins. Many the plasma-cells show retrograde change which 
the nucleus small and darkly stained, while the protoplasm hyaline, 


vacuolated, reticulate 


the posterior root ganglia the capsular cells round the nerve-cells 
are increased number, and the nerve-cells exhibit various stages 


coagulation necrosis with homogeneous atrophy 


The appearances differ broadly from the 


ibroblasts, the larger number new formed vessels, and 


the degree reaction both adventitia and intima 
this series experiments the capsule 


laced position much nearer the cord order 


} | & 
4 
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diminish the distance along which infection had travel it. The 
pyogenes aureus was employed and two situations were 
selected for operation. one the spinal cord was laid bare the level 
the lumbo-sacral enlargement and capsule was fixed against the 
dura mater; another the muscles were separated from the 
the dorsal region and capsule placed against 
foramen. All the experiments gave positive results, which varied, how- 
ever, degree, some the capsule ruptured and the organisms 
spread the dura mater. 

The rabbits operated lived for period varying from three days 
three weeks. ‘The spinal cords were fixed absolute alcohol for the 
toluidin blue and pyronin-methyl-green stains, and chrome- 
alum-copper solution for the Alzheimer and Mallory stains. The tissues 
were examined transverse and longitudinal section. 

our begin with the reaction the ipsule 
the posterior ganglia and the dura mater, with which 


+ 
Hada n in the 


continuous then, passing inwards, take the 
spinal roots, the pia-arachnoid, the white and grey matter the spinal 
cord. sections are especially useful tracing the reaction 
from without inwards, because possible the same section com- 
pare the degree intensity the inflammatory process between one 
part and another unbroken continuity from the sensory ganglion 
the centre the spinal cord. will seen that the reaction 
liminishes from without inwards, and that the dura mater and 
neurium with their covering highly vascular areolar tissue form 
most efficient protection the spinal cord and neutralize the 


infection considerable extent. 


not necessary describe the reaction the ganglion capsule 
and the dura mater separately, they are continuous. The inflamma- 
tory changes could followed along the areolar tissue lying the 
ganglion surface, and thence the outer surface the dura. The 
spaces the epidural tissue are filled with inflammatory products, the 
vessels are widely dilated, and there are hemorrhages. The greater pro- 
portion the exudation composed round mononucleated cells, 
amongst which are scattered the residue degenerated polymorpho- 
nuclear leucocytes. The cell body the mononuclears stains deeply 
with toluidin blue and intensely red with 
round the majority, oval others, and the contour irregular 
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practically Its peripheral portion stains more deeply than the 
centre, and vacuolation constant feature. Many these cells show 
advanced phases degeneration which the cytoplasm reduced 
shreds and the nucleus pale and distorted. 
The appearance the nucleus varies very considerably. Sometimes 
small and deeply stained, others larger and may 
central excentric. The arrangement the chromatin 
some nuclei situated round the membrane, others 


4 
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Fi 9 lntlammatory reaction in the epidural tissue: polyblasts, lymphocytes, 
reticulate cells, &c.; giant 


scattered throughout. Degeneration these nuclei common, when 


they stain diffusely and are irregular outline. There are large 
number cells resembling small present, and compound 


granular corpuscles, with the typical fenestrated 


small dark excentric nucleus. Between the latter mononuclear 
cells there are many transitional forms. Mitotic figures occur some 


the cells, and giant cells are found considerable numbers (fig. 9). 
The adventitia the veins the epidural tissue infiltrated with 
plasma-cells, all which, however, are not fully developed. Here and 


be 
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there around the veins are small collections cells resembling 
The nuclei the areolar tissue cells are pale and swollen, and 
where the fibrous strands meet one often sees cells whose body 
rounded and shows small halo one side the nucleus. 

Very distinct evidence toxic invasion the dura mater and 
capsule seen from the presence plasma-cells 
between the fibrous tissue lavers, and the adventitial spaces 


the veins (fig. There are polymorphonuclear 


mononuclear cells present. Many the nuclei the dural cells 
swollen and oval shape, and, from these, plasma-cell formation can 


traced through transitional forms. Within the root ganglia there 


many plasma-cells collected into small groups, the adven- 


titia the veins and capillaries. The reaction phenomena are greater 


degree the proximal pole the ganglion where there large group 
plasma-cells the point where the spinal roots diverge (fig. 
Is note- 


Their relation vein and hamorrhage this situation 


worthy. this point and along the anterior and posterior spinal roots 


4 ) 
4 
| 
collection plasma-cells round vein the dura mater; proliferat 
tral lar cells epidural 
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inflammatory changes varying degree are present the adventitial 
sheath the small veins and capillaries, and the perineurium there 
are chains plasma-cells extending from the ganglion the spinal cord 
(fig. 


size and become rounder and darker. the increases 


The adventitial nuclei show signs reaction. They diminish 


the nucleus stains less amongst the adventitial 


nuclei are adult plasma-cells 


The degree reaction the pia-arachnoid and cord less 
and spinal roots, and from the pia inwards there 


lining the trabeculae of the pura 


phenomena. The 
stances swollen and stain more 


The adventitial cells the veins and capillaries are greatly 
increased number, are small, round and deeply stained, while 


1] 1] + 


cells all stages development are evident. This reaction especially 


well seen the small vessels passing from the inner laver the pia 


transverse sections vessels showing these 


into the white 
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Fic inflammatory reaction the perineurium between the root ganglion and the 
cord; root ganglion nerve-cells. 


13.—1, plasma-cells the adventitial sheath the vein the postero-median 
septum the pia-arachnoid. 


{ 
| 
| 
d 
« 
: 
> 
- 


LYMPHOGENOUS INFECTION THE CENTRAL NERVOUS SYSTEM 299 
changes are observed dipping into Lissauer’s tract, the substantia 
gelatinosa the root entry zone, along 
fissure, down the septa into the lateral region far the basis bundles, 
and through the area the emerging anterior roots (fig. 
changes are found connexion with the vessels the grey matter also, 
but trifling compared with those the peripheral portions the spinal 
cord. The adventitial sheath the veins and capillaries the outer 
portion the matter exhibits proliferative changes 
trated with voung plasma-cells, but near the central canal the reaction 
14.— Note the proliferation neuroglia round the 
minimal. Here the adventitial nuclei are merely rounder and more 
deeply stained than normal, while times the 
into the lumen 
The neuroglia elements throughout the cord 
especially the neighbourhood the venules and capillaries 
white matter. Alzheimer’s method the nucleus clear, round 
oval; the cytoplasm stains light blue, quantity, and often 
extended into short stumpy processes. These are the glia- 
cells which are characteristic acute morbid processes. 
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blue sections the proliferation glia around the vessels seen 
nearly so, adventitial 
stained nuclei and young 


row proliferated 


going longitudinal section vessel shows healthy 
endothelium, 


sheath 


with darkly 
and, separated 


b id Ils 


rae cle ar space, 
the glia shows much the same change the white. 
times form small collections 


cells some- 
four, five even ten elements the 
vicinity the nerve-cells. 
The large majority nerve-cells 


normal. 
the large cornual cells, but some 
exhibit chromatolytic 


the are pale and 
There change the nerve-cells 
the posterior root ganglia. some there are regressive alterations 
mild nature and few are invaded round oval clear 
The cells the central canal are not 
The reactive changes induced this series experiments may 
(1) the epidural tissue; polymorphonuclear 
cells, and mononuclear elements similar those termed 
(2) Plasma-cells the dura mater; the capsule the posterior 
root ganelion and within where the form prominent 
the proximal pole; the perineurium the spinal roots and 
adventitial sheath their vessels; the pia mater, 
sheath the vessels passing into the spinal cord 
(3) Proliferation the neuroglia-cell 
the experiments which capsule was placed against 
vertebral foramen the organisms escaped and abundant growth 
occurred the surrounding the site the capsule 
organisms could followed along the nerves the posterior root 
ganglia and onwards the dura mater. The spread the organisms 
neurium and leucocytic exudation The the cells were 
rated. 
There are many organisms the areolar tissue covering the ganglion 
capsule and the dura mater. Here the The 
cells the ganglion sheath, the dura mater, and the adventitia 
the veins those tissues are proliferating actively (fig. 
the proliferated cells have all the characters others 
the nucleus more rounded and the cell body larger. Others again, 


4 
4 
4 
q 
a 


LYMPHOGENOUS INFECTION THE CENTRAL NERVOUS SYSTEM 


with paler nucleus, resemble large lymphocytes. Many degenerate 
forms are present. There high degree proliferation the cap- 
sular cells round the nerve-cells the spinal ganglia, which exhibit acute 
changes. 

The pia-arachnoid acutely inflamed, and the cells the exudate 
have elongated oval shape and nucleus moderately rich chro- 


matin. the adventitia the veins the margin the cord the 
reaction cells are rounder and their nuclei show variations shape and 


My i Inflammat ry rea t n outside dura. l poster r spinal root; 2, prolife ition 
perineural vein ral column proliferated 
ater; lammatory reaction and epidural 


taining The majority the nuclei are few are deeply 


stained. times they are round, but generally oval, with indenta- 
tion one side. Most the cells possess considerable quantity 


but those with round dark nucleus have little, and 
resemble small lymphocytes (fig. 16) 

The the dural barrier the inward spread organisms 
well illustrated these experiments. Only rarely did they reach the 
When this did occur the Organisms could traced into 
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the adventitia the veins the lateral columns the cord. vein 
thus infected shows many degenerated cells its adventitia close the 
pia-arachnoid. Further inwards the reaction cells are better preserved 
and both adventitial and intimal cells are state active 
liferation (fig. nuclei are round oval, and many cases 
show indentation one side; the cell sometimes contains 
irregularly distributed, deeply stained masses. Frequently the nucleus 


Fic. Organisms epidural tissue; proliferation cells dura mat 


into the lateral columns, with formation 


much indented and irregular form resemble that 
polymorphonuclear Cells this type have been described 
connexion with some the vessels there are collections cells 
which present quite different appearance. Their nucleus varies 
size and staining reaction. Most are round, deeply stained, and situated 
one edge the cytoplasm, which also shows variations. 
obviously reticulate, and the spaces the meshwork may clear, 
occupied material which stains somewhat less deeply than the 
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Fic. 17.—Proliferation intimal cells, showing their projection into 
lumen the vessel. 
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nucleus. These cells correspond morphologically with the epithelioid 
‘ells and Friedmann and their function 
that removing the degeneration. Their significance will 
discussed later (figs. 18, 19, 

Although rare meet with organisms within the spinal 
the vessels both grey and white 
itter are the seat marked pathological changes. They are dilated, 


(fig. 21). some 
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rated With round cel 


Ne 
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vessels the grey horns show degree dila- 
their endothelial nucle 


general neuroglia reaction particularly marked around 

vessels, and the cells show transitional forms between the normal 
eli ana the ul type ol Alzheimet (tig. The herve 
lls a wcutel degen rated. The majority stain very faintly and 
th homogeneous atrophy of the nucleus (fig. 2a). Many of the 
erve-cells are greatly disintegrated and neuronophagy common. 


method there much fibre destruction the 
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Fic. 22.—Reaction neuroglia cells: type 
Fic. 23.—(1) Vacuolation nerve-cell (2) homogeneous the nucleus 
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greatest degree inflammation. The clinical cases which 
now about bring forward have confirmed the results our 
ments, and will observed that not only the same path 
infection clearly demonstrated, but also perfect similarity the 
reaction. This reaction varies with the degree intensity the 
irritant. 

propose give here digest these clinical cases: 
account has appeared previous publication—written collaboration 
with Dr. Stephenson 

seventh and fifth cranial nerves; the pons and medu 
cord; the nerves and posterior root ganglia connected with its cervical 
portion. the twelfth and seventh nerves there 
perineuritis. The cells the exudate possess round indented 
nucleus containing little chromatin, and faintly stained cell body 
Other cells are present with deeply stained nucleus and 


quantity well stained protoplasm. The cells the adventitial sheath 


In some of the cupiiiaries the endothe ial celis are SWotien, round, an 
I 


project into the lumen. Within the nerve the reaction much less 


intense The cells are swollen, are 
present the adventitial spaces. Around the nerve-cells the gen 
culate ganglion the seventh nerve there proliferation going 


outside the dura mater, and the Gasserian gang The peri- and 
epineurium are infiltrated with polyblasts and cells the small round 
type. Between these two are transitional forms. 
are also reticulate cells containing refractile granules which stain purpl 


with toluidin blue. Thev are numerous where rhage and 


pigment are present, and are probably scavenger cells. Possibly thes 
granules, which times escape from the cell through 
the cell membrane, correspond the observed 


Bonfiglio plasmatocytes the central nervous system. 

Within the Gasserian ganglion there less reaction than around 
the nerves. The polyblasts are fewer and larger, rounded, 
well stained cells with darkly stained nucleus are present. These 


resemble the pseudoplasma-cells Pappadia Plasma-cells are 


the veins and capillaries the epi- and perineurium are proliferated 
The highest degree reaction round the fifth nerve 
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present the capsular cells round the nerve-cells are proliferated and 
while some the latter show coagulation necrosis with homogeneous 
atrophy the nucleus, others there advanced chromatolysis 
and 

The degree irritation the pia mater covering the pons 
much less than the structures already described. There infiltra- 
ind cells, some which exhibit the characters 
plasma-cells. The same appearance seen the adventitial sheath 
vessels passing into the pons. The pontine vessels are markedly 


lilated: the nerve-cells show chromatolysis; and the neuroglia-cells 


intense perineuritis the ganglia and spinal roots 
the cervical region. The phenomena are most evident 
the epidural tissue and the proximal pole the ganglion 
dura mater the reaction less degree. The pia-arachnoid 
ation reaches its maximum the cervical and 


upper dorsal regions. The vessels within the cord are dilated 


fifth cranial nerve, the Gasserian ganglia, and the pons 
were examined. There acute inflammation the epi 


the fifth nerve. The proliferated cells are 
mixed with others possessing larger, 
learer nucleus and the neighbourhood the 
rrhages are many cells with small deeply stained nucleus and 


cell body filled with refractile purple granules. the sheath 


Gass ganglia there are groups micro-organisms, and here 
icute, the cell exudate showing various stages 
small round cell the typical (fig. 


Within vanvlia the reaction less acute: the connective tissues and 
sheaths are proliferating. There marked chromatolysis 
the nerve-cells with homogeneous atrophy the nucleus, and then 
greatly increased number. the pia-arachnoid 
the pons there considerable degree round-cell infiltration 
Within the pons the vessels are dilated, while the walls the veins and 
the neuroglial elements have undergone acute 


paralysis with bed-sores over the sacrum, right 
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cerebrospinal 


epidural tissue over the lowest portion of the cord. Mier 


luid. was purulent inflamma 


the loose areolar tissue covering the dura contains micro-org 


uemorrhage, and the proliferated cells of the connective 


the cells the exudate resemble others 


more deeply stained, and the surrounding protoplasm greater 


Small, round, cells are also present. There 
the dura mater, but considerable degree 

reaction. There active proliferation the cells 

sheath the spinal roots. Here are groups cell 

pseudoplasma-cells Pappadia. Within 

vanelia there less reaction. The adventitial cells the 
capillaries have proliferated, and plasma-cells are present 


cells show chromatolysis, and their capsu 


number. The pia-arachnoid over the region 
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connective tissue cells, and plasma-cells. Rows 
the septa between the nerve-bundles. The neurilemma nuclei are 
increased number, while the vessels are engorged and dilated. There 
much proliferation the cells the pia-arachnoid, and its spaces are 
infiltrated with the adventitia its vessels. Plasma- 
cells. Within the cord there 


cells also are present, and 
inflammatory changes the septa and proliferative changes 
which filled with lymphocytes. There are 
the white matter, and the fourth dorsal segment 
column near the cord periphery there small isolated patch 
softening. The neuroglia proliferated method 
shows diffuse degeneration more prominent round the cor 
periphery. degeneration also present the spinal roots 


the cord the reaction the pia-arachn 


quite well marked, but less degree than the dorsal 
cells are present the vessel adventitia. The the 
roots shows the same type reaction the dorsal cord 

(6) Cancer of aso) wmigus at the level of the crossing {f the let 
bronchus. The was epitheliomatous and was 
the cervical cord the epidu il tissue is greatly intlamed The al 


hemorrhages, arranged pairs short chains, 


cells—in all rphs the dural 


are polymorphs, and some mast-cells. The perineurium 

spinal roots infiltrated with small round cells; these are also present 
the septa between the nerve-bundles, and one anterior root 
are cocci similar those the dura amongst the reaction cel 
The neurilemma nuclei are the 
surrounding the posterior root ganglion nerve-cells. These show 
chromatolysis and are almost devoid chromophile material. 
are small groups cocci the pia-arachnoid, and many 
Within the cord the vessel adventitia greatly 


cytes are few number, and there are plasma-cells. The 
shows signs reaction: the nucleus swollen, rich 
while the enlarged cell body 

In the dorsal cord the dura mate s normal. The pla-aracl i 
infiltrated with many polymorphs and less degree with 
The perineural sheath the spinal roots contains many polymorphs 
the connective tissue cells and adventitial elements are proliferated the 


vessels are dilated and congested: the neurilemma 
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the cord there high adventitial proliferation mixed with 


small, round, lymphocyte-like cells. The endothelial cells the 
capillaries are swollen and proliferated. Small hemorrhages are fre- 
juently seen, and the neuroglia cells especially the cord margin are 
the proliferated type. 

the region there are many polymorphs 
are present somewhat fewer numbers 
Here the vessels are engorged, and also the spinal roots, whose 
fibrous sheaths are filled with both polymorphonuclear leucocytes and 
both pia and spinal roots there moderate degree 


proliferation; the neurilemma normal. Within the 
the vessels are engorged, and very few lymphocytes are present 
matte 
l the } { erebrum there are inflam- 

7 (y rat para f empyen ght } Mra 

fourth, fifth and sixth 

te herves were ¢ The nflannmatory exudate in 

perimentall Its character subacute and consists 

ma- Ils, Sts na 1 st-cell The cells of the 


S are present in the s ct 
nnective tissu the perineurium and its septa has 
t for} fil ere 1s adventitial p! liferation n the 


erot surrounded small round-celled infiltration 


and around its vessels. Two-thirds the medullated fibres 
pon posterior root are degenerated and the neurilemma 
nuclei proliferated. The cord was examined method and 


the dorsal sevinent there w is feneration in the root entry zone 
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varied from two six, and the animals were permitted live for from 


three six weeks. Ten rabbits were used and one dog. 


post-mortem examination the capsules were found surrounded 
nflammatory exudate, and the vessels the mesentery, stomach, 
and large intestines were much engorged. The 
extended from the neighbourhood the capsules 
ble distance along the mesentery, and there was abundant 
lence reaction connexion with the ganglia. Some 
these were surrounded masses degenerate 
lls, bv cells of t ivinpl t tvp ind by fibroblasts: he vessels i 
passing into the ganglion showed proliferative changes 
ventitia was chromatolysis the nerve-cells, which 


ay 


central type, with displacement the nucleus the periphery 


The spinal cords were fixed formalin and bichromate potassiun 


pieces from all regions were cut longitudinal 


ther dura mater pia-arachnoid. The pesterior root 
ells were normal but their capsular cells showed slight degree 
liferative chang 
Within the cord Was remarkably different, striking 
iture being the proliferation the elements, which atfected 
ind white matter, but especially the outer lavers the latte: 
hypertrophied cells the and frequently formed 
elements end end. figures were seen 
Some glial elements had undergone regressive change which the 
toplasm assumed the reticular appearance compound granular 
Many neuroglia cells clustered thickly round the 
hange the adventitia and intima consisted only slight degree 
formity the This contrasts sharply with 
where adventitial proliferation constant. addition 
this generalized neuroglia reaction there were small scattered sclerotic 
consisting glial elements the resting stage following prolifera- 
tion. Their nuclei were smaller than normal, filled with chromatin, and 
their cell bodies and processes massed together form syneytium 
most frequently the neighbourhood the cord margin, 
and times were related dilated vessels and 
Numbers cells the type were seen both grey and 
white matter some the experiments 


There was evidence invasion either the 
the spinal ganglia, the perineurium the spinal roots, 
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The nerve-cells showed early 
was rather diffusely appearance 


homogeneous atrophy, and the 


centre had increased for the stain, 


sharply outlined the normal. other ce! 


the cell body were disintegrated. There 
type scattered amongst the 
close proximity them. swollen nem 
round the margin the nerve-cells. 

Portions from the cervical, dorsal and 
examined for alterations the 
and Donaggio methods were and 
latter method was found the most trustw 


the early changes the sheath. The 


medullated fibre lesions was their 


areas involved vere the cord perl} her, nd the 
the cervical and lumbar regions the whole cord 
leaving the pyramidal tracts and antero-lateral 
the dorsal cord this marginal degenerat 
region the lumbar cord formed 
end the postero-median sept 
cord Higher up, the dorsal 


formed whose apex reached the middle 

limbs diverged backwards 
round the posterior third the septum practic 
fibres In the cerv cal cord the degenerated fibre 


than the lower regions and formed narrow 


join the marginal degeneration. 
fore maximal the cervical and minimal 
root zones throughout the cord were free 


Wolters’ method showed sclerosis any 


external portions the cord the medullated fibres 


and often fragmented, appearances 
cedema cancer cachexia and pernicious 


acid method some fibres scattered throughout 


positive reaction. the vein the 


titial sheath sometimes contained 


myelin which had evidently been carried there 


xternal each side the median septum and 
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changes connection with the vessels varied very considerably 
were more evident when four six capsules were placed 


ba yen. In some experi nts nothing bevond an increased affinity 


the part the adventitial nuclei, and some dis- 
tion the timal nuel the veins and was noticed. 


Where higher degree toxicity was induced the 


the vessels were the most prominent feature. All the 


and both and white matter showed 
ne ti Vess | nd ¢ mnect by 
letin hvaline netw the lumen Many 
1] 
the nuck Morbid changes some- 


l l I } tra ©) | Ul l ict n ot the cells ol 
ventitial the veins and the appearance 

f nue is Ss venger- vhen ti lin s disintegrated (4 
ve-cell degeneration From the above one 
st conelude that the lesions in hematogenous intoxication are of 
nature and differ very widely from those found 
ti} vel is Intection here t ed tissues Lre actively pro- 


ferating and all the morbid phenomena are type. 


difference between the two might, therefore, 
that infection the phenomena 
each their maximum: hematovenous intoxication they are reduced 

minimun 
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| 
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the nature have been observed ourselves and Ziveri 
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giving short preliminary account these experimental 
genous lesions, feel that the term 
qualification. not consider that the term sufficiently explains 
the mechanism production. would seem though there was 
another factor work. look the distribution the myelin 
degeneration alone for moment, round the cord margin where 
present, and either side the postero-median 
resistance the part the fibres those situations might put 
forward predisposing cause, but this suggestion 
substantiated. 

Lesions practically the same distribution are found 
note that the matter the cord richly supplied the 
anterior spinal artery may normal; Goll’s tract the cervical 
enlargement attacked its middle third, leaving the long lumbo- 
sacral fibres far away from their trophic centre untouched between 
the lesions the cervical, dorsal, and lumbar cord there are great 
differences not accounted for focal lesion. Such distribu- 
tion degeneration cannot explained general intoxication. 
fails completely when consider that the areas supplied the pial 
vessels, the cord margin septum, show degenerative 
change, while the regions supplied the anterior spinal arteries 
escape. highly probable that there must another factor besides 
intoxication which determines the localization the degenerations, 
and certain indications point the nervous 

have shown evidence involvement this mechanism the 
inflammation round the sympathetic ganglia, the proliferative changes 
the adventitia their vessels, and the the nerve- 
cells; and when remembered that the cord lesion abdominal 
action must considerably disturbed—have almost the same distribu- 
tion our experiments, sympathetic influence cannot excluded 

There evidence the vessels the cord, too, altered sympa- 


thetic action; the dilatation, hemorrhages with sclerosis, and 


the hyaline thrombosis—all pointing 
stasis due action upon the prevertebral chain caused 
the direct action upon the cord vessels toxin the general cir- 
culation, difficult This latter suggestion seems improbable, 


judging from the relative integrity the nerve-cells and the minimal 


4 
q 
| 
a 
i 


LYMPHOGENOUS THE CENTRAL NERVOUS SYSTEM 


reaction the vessel endothelium within the cord, the the 
must have been very all probability both factors 
come into play. The disturbance the sympathetic influence upon 
the cord vessels might held responsible for dilatation and increased 
permeability their walls, facilitating the passage toxins into 
the surrounding tissues. this seen the proliferation 

the perivascular neuroglia conceivable, however, that with 


time permanent paresis the vessel wall with slowing the blood- 


rs, thus attording the most favourable conditions 
mild toxieity the blood could exercise deleterious action 


pon the vessel walls and nutrition the nervous tissues 
Whether we ire right or not in attributing liportance te the SVlnpa- 


thet factor must left further experiment present position 


with regard these lesions that the term genera 
expresses their patho 
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have shown that certain cases acute meningo-myelitis fall 
evidence show that acute poliomyelitis must also included this 
The whole picture this disease one disseminated 
meningo-myelitis, and the brain may affected adults especially, 
the more comprehensive term disseminated 
has been suggested Wickmann There are many facts which 


show that infantile paralysis cannot infection, 


putable evidence favour the lymphogenous 
upheld clinical and experimental grounds both Wickmann 
and R6émer and with them we acree, The | ulZation al 
morphology the lesions and the continuity extension are 
istic lymphogenous infections, continuity which varies 
and attains its maximum the acute ascending paralysis 
one important feature connexion with the quest 
lymphogenous propagation and extension which has 
drawn attention—viz., that the posterior root ganglia act traps 
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filters, and form kind barrier against the further centripetal passage 


This observation, although difficult explain present, 


dealing with infection have found large collection 

reaction cells and the proximal pole the ganglion. 
may that this special reaction indicates the existence some 
lefence mechanism against the further central extension 

suggest that this disease also falls into the 


ested nfection, then the 
{ 


and the zones corresponds with what found 
‘tions nder conditions, bited markedly different 
aracteristic the other hand have found that where the 
nditions have been dentical possible similar appearances 


tion the int stal nerve not improbable, 
therefore, that quite correct alling the root ganglion 
t t defenes mec nis! na he ster an | 
| 


322 ORIGINAL ARTICLES AND CLINICAL CASES 

have been produced. the extremes the series—the swollen 
and the plasma-cells the walls the veins and capillaries 
sub-acute cases, and the cells acute 
lesion destruction nerve tissues the other 
been considered, might have been led describe these conditions 
distinct classes varieties reaction; but, seeing th: 
possible observe series intermediate stages, extending from one 
extreme the other, such division was evidently 


Hitherto such arbitrary separation has been attempted under the 


Possibly from the point view the clinician this division was 
and especially seeing that the patholog inflammatory pro 
the nervous system was not established basis 
since the pathology these conditions and the mechanism 
production have been more thoroughly investigated such 


can no longer be admitted Still, although so much wor has | ! 


done and many valuable data have been collected, the results have 
somewhat contradictory and certain amount confusion exists 
now has been shown, however, the investigation 


characters, the origin, and 


that inflammatory processes n the nervous svsten miust be 
sidered and only considering ind the 


mechanism ol product n of these processes 1 ora ae 
revealed by the n ICrOSCO) will it be possible to « ain the 
morbid 


The experiments which have carried out may diy 


two classes, viz., firstly, those which there was escape organ 
from the ind which, therefore, results must 
the effect the action the tissues; and 


which the capsule had leaked some cases burst ther 


followed a growth of organisms outside which 4 


intense reaction have divided ents int 
these two classes we h pe to show that the ditterence nthe ve l 
are more a matter ol le oree than 1 kind 

the series which there had been escape 
the capsules, the chief type reaction present was the 


Attention has been directed the characters and these 
since the appearance work the existence 
tumours the skin and more the Mars 


‘ 


to 
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characters But while the description Marschalké for the fully 
developed cells still retained has become recognized that their form 
and staining capacity may vary considerably under different conditions. 
referring the early stages the overgrowth the tissues 
the walls the vessels, said that small forms plasma-cells 

seen with small cell body which stains much more deeply 
than usual these cells. Degenerative phases also 
described this phase they sometimes resemble 
Unna they may vacuolated, they may show solution 
Herbert) hyaline degeneration their protoplasm |); 
some have seem loaded with pigment. The recognition 
these forms important and materially assists the task deter- 


origin these cells and their relation the cells amongst 


question the origin plasma-cells has given rise endless 
dGISCUssl Unna 1] considered that they were derived from con- 
nective tissue cells; the other hand, traced them 
from the the blood, and from the veins. This 
held for long time and has been strongly supported 

2.4 has stated that firmly convinced 
origin, and that all the stages between 
within the blood-vessels and the 
sheath the vessels can traced when speaking their 
ppearance in vranulation tissue he admitted that intermediate forms 
between plasma-cells and connective tissue cells, and also between 
plasma-cells and elements, existed another 
paracrapl h stated that M schalkéo had observed cells with mor- 
and that they were sharply distinguished 
ll vinphoeyte ind other cells w th basophile bodies : but hi added, 

can under all conditions separated from the 
elements and connective tissue cells with and, 
ntermediate stages occur between those forms 


two varieties those Unna—histogenous—and those 


Observations similar to these have ed many investigators to spea 


M irschall hemat CenOUS Joannovics , ina pape r published 
some years ago, said that besides finding their origin from 


the blood, could derived also from the cells 


which the ive a 
i 
4 
a 
4 


324 ORIGINAL ARTICLES AND CLINICAL CASES 


connective tissue under certain conditions. more recent paper 


recognized histogenous origin only and forward, amongst 
other evidence, the following reasons against the 
(1) Inflammatory tissues are invaded leucocytes, but there 
increase intravascular Schridde and claim 
have followed plasma-cells from the tissues into the blood-stream during 
digestion. (3) The presence plasma-cells normal tissues, when 
their origin from the blood elements. Marchand also considered that 
certain adventitial cells possess the capacity forming elements having 
the characters and large mononuclear leucocytes, and 
applied the term the cells formed outside the blood- 
amongst them included plasma-cells. The separation 
the tissue lymphocytes from the has 
strongly supported Pappenheim, who held the former 
mother-cells the plasma-cells. tissue are now 
regarded histogenous elements which have sprung from sessile peri- 
vascular cells, normal constituents the walls the vessels, under the 
influence physiological and pathological stimuli, and from these tissue 
lymphocytes the plasma-cells are developed Schmauss | 38 also has 
spoken the usually sessile elements the vessels becoming wandering 
cells under suitable stimulation 

our experiments the toxin derived from the capsule 
the organisms produced reaction the various tissues along the 


which advanced towards the central nervous systen 


cases which the capsule had not burst and there was growth 
organisms the tissues, this reaction was most marked the 
sheath the veins and capillaries: the cells this sheath were under 
going active proliferation ind, result, collections cells 
various forms appeared Most the cells had rounded shape 
the nucleus was round oval; stained deeply and uniformly som: 
and others the chromatin was arranged around the nuclear 
The quantity and the disposition the protoplasm varied 
some cases there was protoplasm seen; others very thin 
layer surrounded the nucleus; some, again, the protoplasm was 
separated from the nucleus clear space Another phase was 
indicated cells whose nucleus had become excentric with 
space on its central side bounded periphe rally by il laver of vacuel 
granular protoplasm. This series cells demonstrates the intermediat 


stages the development the typical plasma-cell from the rounded 
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elements occurring amongst the proliferated cells the adventitial 
sheath. some areas the endothelial cells the small veins and 
the capillaries were swollen and irregular shape; they projected into 
the lumen and, some instances, were detached and lay free 
connexion with this interesting point out that Beattie 
has described swelling the intimal cells and their complete detach- 
ment from the walls the vessels omental inflammation. 
also has said that “the evidence accumulating late years 
appears point one direction, namely, that the mononuclear cells 
seen within the vessels during the process inflammation are 
endothelial Occasionally, our experiments have found 
many these cells veins partially thrombosed, but the same time 
tion them the adventitial sheaths and 
they were not seen passing through the walls the vessels. That 
vessels during the early stages similar 
inflammatory processes has been demonstrated Righetti after 
njection diphtheria toxin into the sub-dural space. 
necessary, therefore, bear these conditions mind when discussing 
the origin plasma-cells from mononucleated cells within the vessels 
the small veins and further from the source the irritant, 
for example, those situated near the central canal the spinal cord, 
the sole reaction present was slight swelling the nuclei and 
staining capacity the cells the intima 

But, besides the cells the adventitial sheath, those other tissues 
vere reacting, especially the level the seat the capsule. 
cells the epi- and perineurium Series and the dura mater 


and the areolar tissue outside Series were proliferating, and 
the collections cells thus produced definite plasma-cells and also 
examples the intermediate forms referred were numerous. The 
nuclei and cell-body these plasma-cells the dense tissues were 
narrow and elongated, and the latter stained deeply with the toluidin 
methods; the intermediate forms were 
shown the nuclei becoming more rounded and halo appearing 
one side it. the loose areolar tissue various forms from the 
small round nucleus the typical plasma-cell lay along the 

The evidence derived from these experiments, therefore, suggests 
that plasma-cells may spring from the cells the connective tissues 
well from the adventitial sheath the vessels. has 
found plasma-cells the liver cases general paralysis, not around 
the vessels but amongst the cells the perilobular connective tissue 
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and around the biliary canals—in fact, regions where the connective 
tissue was proliferating. fusiform cells this tissue were described 
being strongly their protoplasm increased gradually 
quantity and they assumed the morphological characters 
similar appearance these cells derived from connective tissue has 
been demonstrated Pappadia the wall cyst 
the brain. Here, also, the fusiform fibroblasts swelled and 
exhibited basophile protoplasm they gradually became polygonal and 
rounded the outer the cyst wall and acquired the characters 
typical plasma-cells 

The conditions found these investigators led them suggest that 
these cells may spring from the cells the connective the 
results our experiments and the examination tissues taken from 
demonstrated that certain instances such origin must 
the same time there can doubt that our experiments 
majority the sprang from the proliferated cells 
the adventitial she ith. 

the experiments which the capsules had burst 
organisms had grown amongst the tissues another type cell, corre 
ponding the polyblast Wickmann, was the most prominent 


] 


found the walls the vessels occupied large cells with 
rounded oval often indented the cell-body 
stained masses irregularly distributed. Frequently, the nucleus was 
much indented and its form was irregu 
few small granules united many bservers 
these cells have been regarded but 
Wickmann maintains that this view not correct Most the 
infiltration into the pia mater undoubtedly origin, 
the cells have sprung from the wandering lymphocytes the adventitial 


sheath the vessels, and Wickmann that similar derivation 


must admitted for the cells found the spinal cord recognized 


intermediate forms between these cells and the 
The following arguments were adduced against the bein 


progenitors the polyblasts. was admitted that the nucleus 
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the polymorphonuclear but possesses granules chromatin 
inited reticulum which seen the leucocyte; and 
ssues fixed the cell-body the stained the 

method, while that the leucocyte not; and 
ible staining ranules can demonstrated 
the leu which are absent from the body 
Wickmann concluded that, his cases, the polyblasts sprang from 
and that the leucocyte did 


not participate the formation admitted that some the small 


but the facts that these cells were found the pia mater 
vhere there neuroghal elements, and the sheaths the 


sels where tn ere ybviously det ved Tro the adventitial cells, 


consideration the small neuroglia cells might leave one doubt, 
observation the whol tion the neuroglial elements made 
blasts did not owe their origin them. 


our experiments the cell was seen best the 
the walls the vessels passing from 
into the spinal cord, which the capsules had burst 


i the organisn i be followed alone the intercostal nerves to the 


this region oby that the potency and 
the land ventitial the vessels were 
} ti 1 ne tro th re tion were of the poly- 
ist } tine le he Caps Wi! h had not leaked some 
cells with pale nuclei, oval shape, regular outline, 
ndented one side, were present amongst far greater number 


ind, darkly stained ind plasma-cells. This was the area 


test inte this series, but was not acute 

series with the burst capsules was easier, therefore, follow 

stages between the cells the connective tissues and 

the | { the vessels and the polvt lasts The p lvblast, as 

the plasina-cell, therefore histogenous and not 

around the psule bands fusiform cells with 

C negated, pale nucleus and a greatly ncreased quantity ol basophile 

did not generally surround the nucleus but was 

ected some cells, however, the protoplasm encircled 
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the nucleus, and others this was placed excentrically. 
forms between the elongated fusiform cells and the rounded cells were 
evident. These bands cells parallel rows were present 
experiments, but much greater numbers when the capsule had burst 

With regard the compound granular corpuscles, Gitterzellen 
bacher), similar divergence opinion has existed 
divided these cells into two groups, granulo-adipose cells and epithelioid 
cells. The former derived from white blood corpuscles and the 
from neuroglia chiefly, but also adventitial 
has admitted double origin foci the early stages 
from polymorphonuclear later another cell, corres- 
was uncertain, but thought they sprang from adventitial 
and endothelial cells Mi rzbache r has called these cell Abra unzelle Nl, 
indicating their function thereby; traced them from adventitial 
cells and from. th neuroglhia Nissl 24 ha stated that not ill 
the cells which contained fat were compound granular cells and 
limited the term to those which acted as phag \Vtes; these he traced 
from the and endothelial found these cell 
focus which there was some destruction nerve-fibres but 
proliferation the elements the vessel walls, and concluded they 

vere derived from t] e neuroglia cells B o from his ¢ perl 

ments, decided they had dual origin, from the cells the vessel walls 
and from the 

will remembered that the lateral the spinal cord 
when the growth organisms had spread along the intercostal nerves 
the dura mater, considerable collection cells had appeared which 
offered some definite peculiarities structure. The nucleus was deeply 
stained and often situated at the side of the cell; but the chief pecu- 
liarity lay the formation reticulum the cell-body (fig. 
many cells the spaces this reticulum were unoccupied and gave 
the appearance vacuoles, but others they were tilled material 
which was faintly stained. Cells with reticulum 
occurred also the epidural tissue—i.e., the region the most 
reaction—in the cases which the capsules had burst 
Here they were mixed with large number polyblasts 
cells, their adult and intermediate stages, and with form 
which has been spoken Friedmann the epithelioid cell 
these situations the appearances suggest that these reticular com- 
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pound granular cells have sprung from the proliferated elements the 
adventitial sheath the vessels and the connective tissue cells 
the epidural sheath. the most recent series experiments, 
which the capsules had been placed the peritoneal cavity and 
which nutritive changes had occurred the spinal cord, similar cells 
were met with close relation with nerve-fibres undergoing degene- 
rative changes these cases there was reaction the cells 
the adventitial sheath, and was evident the compound granular cor- 
puscles present were derived from the cells. 

examination the results many investigations regarding the 
origin the types cells referred this paper, and the pheno- 
mena observed the experiments which have induced 


tory processes degrees the nervous system, provides con- 
clusive evidence that the cells reaction against irritant are derived 
tissues with which the irritant comes into contact 


other words, all these varieties cells—plasma-cells, polyblasts, 


epithelioid cells, and histogenous 


The fact thet all these forms cells reaction have been traced 
common source suggests that there must some principle 
these processes which, discovered, would prove that they 
not independent each other they have often been assumed 
be, and would clear away much the confusion present obscuring 
the question. One the chief difficulties has been the insistence the 
ise the word constantly see reference made the 
and many the cell which was not cell 
ome sort has been left out consideration 
the statement that too much importance was not 
attached the presence intermediate forms. statement 
might accepted when dealing with isolated cells, with 
mall numbers, but when the intermediate exist large numbers 
they should ignored Another difficulty has been that the 
ations have not been carried out sufficiently 
that which has been simply one stage complex inflammatory 
process has been examined without due attention given the 
conditions under which the process arose and the stages 
through which may have passed. the necessity looking 
the mere type cell have been made several observers for 


instance, has suggested that the nature the infiltrating 
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cells depends the irritating agent and not the localization 
and expressed the opinion that different 
conditions these elements may have varving origin. can 
doubt that order understand the significance reaction occurring 
the nervous svstem necessary consider the cause 
inflammatory process, its intensity and the length time has acted, 
together with the morphological form the cells infiltrating the tissues 
published Friedmann which has given the results 
investigations regarding the reactions which 
degrees irritation the nervous system started with sim) 
form morbid change, and found that 
and the lymph spaces their sheaths were dilated, and that 
changes had occurred the elements forming the vessel walls When 
had taken place amongst the nerve tissues, definite 
reaction followed. The blood soon disappeared, cluefly the 
spaces the vessels the neighbourhood, and the edge the are 
containing the cyst wall had formed, consistin 
dense connective tissue fibrils, vessels and cells. Outside this, the 
tissues limiting the softened area there was looser cic: 
infiltrated large number Kérnchenzellen. cases throml 
embolism there followed complete and intense cedema 
the centre the short time this centre was 
the detritus broken-down nerve-cells and this 
many proved that these cells appeared 


the second day and that numbers increased during the follow- 


davs. Then later the fibrous organization and sclerosis character- 
stic encephalomalacia followed These were the constant result 
after simple destruction nerve tissues vascular lesions 

Then his experimental work showed that slight wound 


the brain produced central necrosis immediately surrounded 
necrobiotic area containing many and peripheral 
zone With round cells, new vessels, and the 
tissue sclerosis With more intense irritation, 
such the application corroding agents the brain, the process was 
more active. once, around the necrosed, corroded area, there was 
condition irritation the vessels with extravasation 
blood and emigration round the third fourth day 


the neuroglia cells were swollen and were present and 


from the fifth day breaking down the nerve tissues was observed 
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the endothelial cells, new 
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acted also irritant 
Without a 


fixed 


the 


elements 


and other large, 


cells, the cells These last were often not limited 
heaths the vessels but infiltrated the tissues, without, however, 
softening being present Much new vessel formation 
termination ute Was either primary oreanization 
itl nd t W the result in tl COrre ling experiments 
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been accustomed regard separate forms encephalitis, 
rhagic, parenchymatous hyperplastic 

This work the greatest importance shows that althoug 
the process under conditions exceedingly con 
plex, there are certain which enable 


independent series reactions. demonstrates that not the particul 


tissues, are the essential factors the results 
stave mav destruction nerve tissue, and this will 
heen rrhace throml emb shi ( COMDINE nait 
irritation the mesodermal tissues simultaneously 
destruetion, tion rroding agents may exhibit 
first the phenomena irritation their ns, 


has shown, the charact the reaction will from 
day the course the process, especiall the 
result and the destruction fi WW 

following the destruction the nerve tissu resents fairly 
but here also the 
necessity eparating the final t st n 
in th nflamunat Sst wring in the net > 
time only, slight parenchymatous 
products Ol th net ed of tion the 


down ot the tissues IS mol extensive t is found it w! 11S 
more ¢ ited beside the neu il OV re t the! | 
wandering cells the inflammat pro- 

cess be so acute that it ony nerve-cells and 

but leads to a softening of ll the tiss n the re tta ed | at 
first sight, offers different picture that hich 
rainary si p! soltening It veneral Col red that a sorten- 


kind cause, but its intensity and the length time acts 
the destruction the nerve tissues will occur 
few hours the blockage the vessel, will found that there 
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and the process goes the breaking down 
liquefactive process, but also inflam- 


eucocytes only 


‘ytic elements ippear. In what is called an 


tissues become infiltrated with 
liquefy, and there remains 
©) | Now the removal { this débris is 
iN I hei len But these cells ire 


herefore, whatever may 
adi Vn between 
t naar nt l itely l xed 
t | phrase absorp 
the primary 
} na ners, | pract iV 
e) ( nt at 
Schi 
degenera- 
rta, but not 
I) t bil ration 


the infiltra- 
er, the thrombosis and embolism with 


these cases the different causes and signs 


- 
| 
tory, 10 1S act 
‘ 
by the pn 
| 
4 
ent esponsible also for the vessel chanves, the 
i ve tissues | 
eaction nterwoven that will impossible separate 
rnen snarply ht primal na econdarv processes. 
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With regard the primary reaction, although 
from day dav and therefore the duration the 


must considered judging the 


found that the type the reaction will depend 
quantity the noxious agent. 


that the early stages softening caused 


swelline the tissues and small emigration 


With acute inflammatory softening 
with leucocytes and there early reaction 
cells reactions following degrees 
Indian ink the subdu 
necrosis of th brain free ne na ! ! 
the cells the intima and the adventitial she 
intense react 
chromic acid produced necrosis subjacent 


with the appearance morphon 


necrosed 
the developmet 1) 
the centre reaction 
blasts, vet outside these 
Was again the tvp ‘ 

ind weak tubercle nto 


the enclosing tiss 
introducin bits of } 
method 
that these cells are absent the 
but are present bacute 
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its characters 


+) 
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special interest which has tendency subacute and 


‘nro 


it 
vall 
rest 


nor 


nic 


ture 


nt 


forms; they are found the sub- 
tissues more than near the surface. They are prominent 
all infective granulomata; trichinosis; the limiting 
carcinomata. are not found the normal brain, but are 
many diseases that organ, including cerebri, phos- 


poisoning, acute alcohol poisoning, status epilepticus and 


vdrophobia ; they can, therefore, no longer be considered patho- 


general paralysis. 


Now turn the results our experiments find valuable 


ipport for the view that the character the cellular reaction found 


nel 


ves and the spinal cord when the disease-producing agent 


ipproaches the lymph-stream depends entirely the potency the 


rit 


int, 


further, that many the so-called varieties cells 


and the same origin When the capsule had not burst 


were attacked the toxin only, found that the reaction 
was the plasma-cell type, including under that term the 


ice \\ 
erous intermediate forms which have been described earlier this 
But the other series which the capsule had burst and the 
nisms had grown the tissues, there was altogether 
erent All the cells the connective tissues and the 
the exhibited intense proliferation with the produc- 
another predominating type cell, the there wer 
collections showing various stages develop- 
will remembered that the subacute series there were 
the reaction outside the dura mater, quite 
e capsul It was at this point that the results of the two series 
xperiments might said have met 


was employed, and seeing also that the experiment 


performed members the same species animals, living 
entical conditions, and that the animals lived about the same 

time after the operation, consider that the difference the 

ction the two series must attributed the 
tensity and quantity the irritant The reactions were produced 

instances infected which spread the same path and 
herefore attacked the same cells. There can doubt that 


psules the second series experiments burst the reaction 


have been the plasma-cell type, the type cells character- 


ot 


+ 


the subacute inflammations; but the capsules had burst and 
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the organisms had grown amongst the tissues, the reaction was the 
polyblast type, the type the acute inflaminations. Now thes 
cells were the product the action the disease-producing 
agent and therefore the conditions corresponded the primary inflam- 
mations Schmaus. But have shown already that there 
small collections and certain that the animal 

had lived little longer and the nerve elements had broken down undei 
the influence the more prolonged action the irritant, the tissue 

would have been infiltrated these cells and the conditions would 
corresponded the secondary inflammations Schmaus. 

The distinction the secondary from the primary reaction 
process and the recognition that the secondary reactions 
the have appeared, not direct result the acti 
the irritant but because the presence the degenerated tissues, 


step the elucidation this question. Not only can 


stage recognized the presence these cells, but what 
even more worthy notice that have 

Friedmann and Schmaus evidence that this cell 
always associated with particular function, and that the 
form they assume due the fact that they have imbibed certain 


amount degenerated material. But not all the cells which take 


Friedmann when 


the degenerated niuiterial possess the form of a typical KoOrnchenzell 


lls from mentioned that the 


the epithelioid cell may contain relatively small amount fat 
usually, however, the cell-body clear and exhibits network 
its protoplasm, may homogeneous Various forms and sizes 
the nucleus and the cell-body are met with; there may cells 
smaller than the typical whose cytoplasm little fat 


may found, and there may larger cells which division 
often occurs these the nucleus large, irregular: 
there may several nuclei one cell, and that case the amount 
therefore forced recognize many forms which are not quite typical 
the epithelioid cell the 

But not only the removal disintegrated tissue that 


phagocytic action the epithelioid cell displayed has 


shown that when micro-organisms have dealt with, polyblast and 
epithelioid cells predominate the tissues. demonstrated experi- 


ment that injected tubercle bacilli are seen only occasionally 


a 
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ists and under that term included adventitial cells 
ndothelial cells, and practically never the cells their 
the other hand the polyblasts and epithelioid cells 
thelioid polyblasts were active phagocytes, and often contained several 
Now this action common exhibited the two forms 
IIs demonstrates a close relationship between them. This has been 
15! and Wickmann who consider that the 
thelioid cells are derived Fieandt also has 
tated that epithelioid cells are polyblasts are derived from them. 
acute series experiments was impossible where the 
blasts ended and the epithelioid cells began, and 
emembered that the acute conditions found this series the nerve 
tructures had been considerably the irritant, that products 
degeneration were present well toxins. But polyblasts are cells 
hich are characteristic the primary stage acute inflammatory 
they have been shown phagocytes 
also disintegrated products nerve tissues. Further, the origin 
three forms cells, epithelioid cells and 
been traced from the cells the connective tissues, and the 
thelial and adventitial lavers the walls the vessels. They 
intimately related that their division into three distinct 
pes cells purely artificial and arbitrary; they should rather 
rded three morphological forms the same cell appearing 
erent conditions Now this connexion will remembered 
the sul ite series the plasma-cell was the predominating cell, 

als the offspring the tissues. The 
tant this series was just strong enough call forth cells possessing 
characteristics plasma-cells some areas, while regions far 

the source the toxin the reaction consisted swelling the 
lei the adventitial sheath the vessels, and slight increase 
the amount the protoplasm around them; this was evidently 
sta reaction Outside the dura mater, near the seat 
where the process this series was most intense, found 
polyblasts and epithelioid cells, many them containing several 
These were scattered large collection plasma-cells, 

which still retained the characters these cells, while others 
hibited various degrees I change which night he considered as 
ntermediate forms between plasma-cells and epithelioid cells This 


which have spoken already the meeting point the two 
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series experiments, will explain the statement that 
epithelioid cells were derived from plasma-cells 


The precise origin the cells composing 
always matter great difficulty, and some points must 
but consideration the mechanism which the 
tion produced should prove very great assistance especially 
infection the spinal cord subacute nature, which all 
inflammatory phenomena are extravascular and the path the 
can traced accurately, find that besides the proliferat 
the connective tissue the meninges the only structures which rea 
are the adventitial cells the veins and and the 
cells immediately contact with them The adventitia takes 
extremely important part the production the cells reaction; 
not surprising, seeing that the cerebrospinal 
into its spaces Hence when toxin gains the central nerv 
system the path the cells the adventitial sheath are the 
part the vessel first attacked; and should the irritant 
permeate the tissues slowly other phenomena need occur 
time. more acute conditions, however, not only there 
intense reaction the tissues already mentioned, but the 
cells join the process; and with still degree 
the infection, intravascular changes, such hemorrhage and 
complicate the picture 

But besides the intensity the reaction its 
stage the forms of the cells of reaction also varv. Thus it is that in ou 
experiments find changes ranging from simple swelling the 
together with slight increase the protoplasm around full 


process advances 


formed plasma-cells and and 


cells often become epithe hoid or reticulate in tvpe, and by the lmbibitior 


the products degeneration, assume the characters the compound 


granular corpuscles, which are such constant feature the 
phases inflammation The entire reaction, therefore, although 
presents several stages, must recognized one continuous 
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NERVOUS SYSTEM MERZBACHER 


neenital presents symptoms which many respects are 
cases disseminated sclerosis, cerebellar disease, and 


ind transmitted healthy females 

ere described nly are corresponds 
recognized types familial affection, but the 
sely resembles that presented the 


ded bv Pel eus nd Mer ‘-bacher, that we believe the disease to 


member the here described The cases pub- 


When the children were first seen nelined associate the 
defect the development the cere 
such litters cats and puppies, and have 

rded Herringham, Andrewes, Risien Russell, and others, but 


The family history best studied from the following tree, the usual 

ons beine used The numbers below the affected individuals refer 
the number the case the text. 

The family first came under notice when two boys, aged and 


vere admitted into the Hospital for Sick Children, Great Ormond 


a 
, 7 
J 
on 
hed Nolan also resemble these cases clinically, but 
mination Nas been made a 
7 
‘ellent paper, have come the conclusion that our cases probably 
belong that group 
CLINICAL AND FAMILIAL FEATURES 
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Street, November, 1913. The family history obtained from 
mother was follows 

W., father Cases and and grandfather Cases and 
appears have been normal. married, had twelve children, and 
died phthisis 1905. was born Yorkshire his wife does 
not know any his family, but the best her knowledge they 
all dead. family are all quite normal, and since the death hei 
first husband (W. W.) she has married again and has given birth 


normal son. 


FAMILY, 


MILLIA On ANNIE MARGARET SEORGE FRANK £ DWAR FLORENCE NELLIE CHARLE 
AGED li IV NFA 
NR + 
II 
WETAILS © H | | \ ( I 


(1) William, died the age months convulsions. 

(2) John, lived the age 10; could not sit talk 
prope rly, Was subject to tits, and died of a brain abscess 

(3) Annie, the mother Cases and she quite normal, and 
more than usual intelligence 

(4) Margaret, well and married; she has two boys and girl who 
are quite normal. 

(5) George, died baby; thought have been like the 
patients 

(6) Frank (Case 3). 

(7) Lucy, well, aged 19; she not married 

Edward (Case 

(9) Lily, died infant 

(10) Florence, well and unmarried. 

Nellie, well and unmarried 

(12) Charles, died infant; nothing known his condition 

In addition to the above children there were three or four mis- 


4 > 
4 
‘4 
“a 
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HEREDITARY 


Henry 
1) east-fed nine 
ather small for his 
Is ex! 


months 


ay 


remely noisy 


and pel 


nterest in anything, tnd canno 
say any words clearly excep 
vhich she ean understand He 
und, nd In so aol 
‘ ere constal 
nereased DY lookin Jin wny clive 
ellipse with the long axis 
light, and appear react 


He never had any acute illness or fits. 
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THE NERVOUS SYSTEM 


full-time child, 


when he does ery 


generally quiet ehild, but 


sistent He 1 


does not ippear to take much 
t talk The mother says that while he cannot 
vet he makes sounds 
will take hold of a piece ol pape with eithe 


slow ataxic tremor of the whole arm. 


wheel nvstaLkmus, Which is nol 


ction. this movement the pupils describe 
ontal There is no rotation of the eves on 
ils equal, regulai in outlins central, react 


seems good, and the 


Vision 


W he } ced 
ead IIs 
eS sl \ 
iit t 
cle ‘ } 
ens | 


ul e r¢ i 
\ t wid m t tl 1 } 
child his limbs also the head from 
| ( suppo e | nen 
sitting pos ere slo odding tremor the 
ches this position the nystagmus 
e k | re is some I Live le s, but owlng 
tonl n ho al ms 


4 
| 


appear 
| 
i 
i > | 
| 
While 
e sup The il Linton | etlexes cannot be obtained. 
There is no abnor ty in the cont ol the ead or vertebral colum) The : 
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mouth is rather crowded 

arched Swallowing 

chest is poorly formed, there being \ 
» lower end of the sternun 

loose und lrequent co 


end arms there are seve 


The similarity of 


attitude, retlexes, 


the exception the lupus and slight difference 


difticult dist 
disproportionately small. 

Case 
above, has beet 
and his condition 


years 


AND 


CL 


INI 


th poorly developed teet 


but the by 


rked 


part 


Uli 


\ n, and the palate Is 
vell grooves and 
here generalized brone present with 
the skin the chest 
the little tinger the left hand, which possibly 
night the child has sweats. The boy gives indicat 
his desire tO pass urine 
William G., aged vears month, was born full tin 
brother was labour ditt tedious He has always b e, hut 
has neve had anv illness, convulsior \\ well child 
child, often moving the head from side sid 
appears take very little int his ndings, 
plece of paper attracts | | will grasp it tla Laft nd. but n 
Ol ly moves it hout } se] 4 e tie 
the arms as he moves 
; He cannot sit up uns pported, nor ¢ support t i whe ut ) \) 
voluntary movement »shows t 310 tis} sent in | 
J 
There slight general hypoton the tremor the 
curious, almost athetoid, move grasp object 
two cases very their expression, 
almost every identical, and wit! 
between then Both showed slight 
the lower part the body, the legs being 
4 . 
12 dlsease [Vo Whic sutters from birth 
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to be examined, su 
to him well e ough to carry 


the counterpane, transferred 


the ownel he ls obviously 


q 
q 


He is friendly, ippeared rathe pleased 
ol the time While he understands what is sai q 
cut simple orders—he picked penny from 
mentally cannot feed himself owing his tremor. 
» He is said never to talk spontaneously, but ittempts to answe a 
quite willingly. His articulation that little what 
he savs enn b nderstood by those unaccustomed to his speec! 1 4 
Fic. 
ms, tl l s and the position of 1 feet. 7? ome 
nstant ement and overa part shown fig. the position 
right arm, and tig. 4 by the fa | expression, . 
pupils are regular, react light and accommodation 
s no strabismus, no any apparent oculal muscle weakness. [There is a PG 
constant concomitant, wheel nyst n s, Which is unaltered by any movement a 
the eves. There rotation the eyeballs this nystagmus Vision 
appears to } ‘ood and the fundus normal. aa 
Hearing good 
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The tongue is protruded rather 


Sensatior 


Motor. 


AND 


jerkily, but 


does not appear any way impaired. 


AL CASES 


appears 


} 


While the arms and chest are well develo} ed, 


muscular, the legs are wasted and thin, especially below the 


cannot 


uses the 
unassiste 
there is 
a tendenc 
is very te 


apparent 


arms turn over bed, 


d. The legs 


at consideral 


] 


to eversion 


performing any movemen 


this is best 


kept constantly 


} 
degree ol addue 


ot the soles 


seell 


and nodding 


il well marke 


tendency 


Lo hypote 


+ 


Sil 


Lol 


] 

hexed 
spasm. 
loot 


t 


nt 


Ss 


normal 


otherwise. 


tlat 


tened With 


surprisingly 
drop Movement the legs 
slow tremoi of the arms o1 attempting any movement \ 
PC Po nia is shown by the fact that the feet can easily be tlexed 
less than right angle, but the other hand the arms are held rathei 
and there slight delay the grip 
knee-jerks present, the right more marked than the 
There is bilateral ankle-clonus The dee} eflexes are easily elicit the 
The superticial abdominal retlexes are The plantar response 
extensor the right, the lett Sphineter control 
4 to attract the attention of an attendant 
The skull well formed, except that the rather flat 
4 ference is 2O in., and Ove the verteX Is nes The 
a mid-dorsal scoliosis, the convexity to the giit 
Hle esembles is. broth ppearance hal adisposit n, but seems to he 
rather more intelligent He iss ito t CONnsice ble interest in the othe 
brother said that Frank was like also out simple 
orce picking up corns, WC B t e showed very impertect ic2 thelr 
; relative values, in that whet yttered penny sixpence ey ferred the 
4 Speech is very lopertect, but ttempts sentences nad Is 
easily understood than his speaking there wel ked ove 
When Vou coomed nl wee siee} 
The pupils ave equal, and react normally and 
shown the other three cases. Vision appe and the fundi are 
normal. The tongue appears normal, but there ave jerky move 
ments in } otruding it Sensiatiol Ss not im} red While he is fatter thar 
q Case 3, his n iscular development n the arms is not nearly so good He 
Cannot sit UNassisted, of stand t all The legs e kept flexed at the knees 


il 


Inent 


Vas pre sf 


ind control 
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it 


DISEASE 


females. The symptoms 


earhest and was not 


+ 


rceurre 


THE 


the 


but 


ncte 


nt 


NE 


RVOUS SYSTEM 
Frank There is also some Bs 
There is foot drop. Lhe 
»} 
ill very l this dispre 
tremor 


th 4 
apparent than real, and 


| 
resell 


ind wer 


ose atfected were males, the 


the head, nvstagmus, 


It Was more apparent than 


were 


sease between the ages 
and found twelve 


ind hips, but the less marked than 
idducto Spasm, bust less than in the brotl 
feet being the cavus shape, with some inversion 
The legs are wasted, and proportion the 
portionate thinness of the le Ls is more marked in 
evoked any effort the exact counterpart that seen Frank, 
slightly more marked. nodding and rotation are 
s no hypotonia in this case 3 
The superticial abdominal are absent, and the plant 
esponse 1s lefinitely extenso or bot s1des, The knee-jerks are bot! 4 
exaggerated: the testing the left The ankle-jerks are 
flattening the occiput, but otherwise the shape the skull 
the most striking features these cases the 
their conditions. and Frank resemble one another very 
ndeed, do Henr ind Wilhan All fount patients show identical “a ‘ 
tremor and nystagmus, the latter of an unusual tvpe: all have dispro q 
portionat small lower extremities, and none them 
ibdominal retlexes Three them showed and all 
had extensor plantar responses With regard 
were with the idea that both 
hnprovemen only they could be patiently ¢ 
we deseribe In his family there were five cases Wn the 
grandehildren one pair: three were dead 
1 } ‘ } 4 a 
the patients dying some 
and 30 
Merzbacher, 1908, followed 
nstances the disease, one which 
1 
pathy logically ana rep rt ina turthe pape 
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published 1910. gives family tree and further 
details with regard this family which republished here. 

There are several discrepancies when compared with 
originally published but the points that are brought out 
(1) that this disease has been observed four generations; 


that fourteen members the are known (3) that 


alwavs transmitted healthy females: and (4) that males 


ndividuals atfected were females 


CONGENITAL FAMILIAL DISEASE, PELIZAEUS-MERZBACHER, 
APLASIA EXTRACORTICALIS CONGENITA 


+4 

+4 

+4 

» 


Male Female Norma Affected 
Thezclinical characters of the attection are oven I 
The disease be fins in the first months of lt t makes pid 


progress till the sixt then more progressive When 
the disease fully developed, shows itself nystagmus, slow speech, 
sion and co-ordination movements, ataxia, intention tremor, Mit- 


facial expression, paresis the back, pelvic 


STOSSEL 
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ind abdominal muscles, paralysis and contraction the lower 
extremities, increase the patella reflexes, response, loss 

The following symptoms often accompany the above: dis- 
the bones, vasomotor the lower extremities, 


mental capacity The atfected reach old age, 


bellu ppeared most affected then 
the midline the the atrophy the corpus callosum 
defect the corpus was suspected Sections 


n e! pre nut n trophied he anterior com- 
+ | 
‘ hand ‘ deve ed The rye ipstance 


disposed one another that one island 


edul end tor the most part possible the 

nds 
trontal ( nad tem bes and in the erebellum the trophy 
the medullated tibres most marked Between the islands the 
medullated tibres unstained ground-substance 
ixis corresponded the dissemination, size and extent these 
edullated islands, and they too have sutfered apparent interruption 


their continuit The tibres the cortex and remaining 


grey substance showed The internal and 
external capsule, the crus, the pons, were full normal fibres 


a 
ind only some intercurrent disease 
The pathological condition was follows 
norma convoluted brain, but small all dimensions. The 
ton ed atroy the white substance alone rpus callosum 4 
( = 
In the ectiol Viti t furthe treatment one could observe isolated 7 
s] wl Lhe white Substance Thess spots were 
the sheath the medullated 
the central white matter the various portions the hemi- 
here and some there were only small portion 
mal fibre bundles remaining, and this gave the preparation speckled 
ippearanc | St nel remaming portions the riginal tracts 
4 
the 
al 
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The intact condition certain bundles the immediate neighbour- 
hood the arcuata Meynert) was striking. 
The unstained ground-substance was composed glia tissue. 


structure conditions vary different localities. Active proliferation 
the was never present (except the optic thalamus). 


The destruction and absorption other tissues has made the pre- 
‘lia substance believed that the unstained 


tissue contains very fine axis cylinders, and that the interruption 


sence of the 


was only apparent. Neither the ganglion cells nor the cortex were 
any pathological changes visible. 

Sections the medulla showed only partial destruction 
system; island formation was present The cerebellar paths wer 
most involved 

Merzbacher deals with case recorded Miiller presenting 
consideration the whole question hereditary degeneration 


Nolin recorded three cases whose 


gical tree appended many ways these cases 
which have showed disease constant 
and speech defect. One had knee-jerks 
and bilateral ankle-clonus, but the other two showed loss knee- and 
ankle-jerks. None them could walk unaided. and two could not stand 
unassisted. They had sphincter atfection, lightning pains, 
deformity, and sensory defect; differing from cases Fried 
Their mental condition also that the patients 
describe, for, while were backward, they showed none the dirt 
habits, waywardness, sexual depravity associated with 
congenital idiocy They never spoke unless spoken to, but tried 


answer questions, were cheerful aspect, and seemed pleased when 


noticed: fact their defects seemed chietly initiation and 
memory. the following points, however, they differ from our cases 
one patient was fem ile, and they all showed some indetinite wasting 


the hands, flattening thenar and hypothenar and 


shown some increase but their condition remained almost 


not quite after admission the asylum. 


Since these patients were recorded the two eldest members of the 


generation which produced them have 
children, whom one, daughter, ataxic and simple. David has 


4 
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two sons who show speech defects. Unfortunately the details which 
obtained these children are meagre. 

Two the patients described have since died phthisis, and the 
third 1s at present sutfering trom the same disease Post-mortem exami- 4 * 


Were not permitted 


are indebted Dr. Cowan and Dr. 


for their kindness facilitating our access two the cases, 
Dr. Nolan for further details his cases hoped that some 
ible confirm our view the nature these cases 


FAMILY (DESCRIBED 1895, HERE BROUGHT DATE) 


aTAx 


ind hereditary disease, svn ptoms dis- 


eminated iCYOSIS, IS Geseribed Six male it least were affected in 


subjects this disease are almost males, 


eithe ‘onvenital diseased or exhibit svVinptoms in the tirst months 


life, the progress the disease very slow. are 
fective and ataxic. show nystagmus, speech defect and defective z 
velopment, with weakness and spasticity the lower limbs 
msidered pr ybable that thes cases belone to the LV of tamuilial a 
Seas described by Pelizwus and Merzbacher under the title “aplasia q 
extracorticalis congenita 
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FORCED MOVEMENTS. 


4 
IN rENTS 


we 


STUDY THE POSTERIOR LONGITUDINAL 


previous investigations respecting the circus and rolling movements 
‘urring different species vertebrates, had observed the 
plaved the posterior longitudinal bundle, when injured, 
producing these phenomena resolved therefore make 
special experiments in this subject, and by means. of the Probst 
ncealed made lesions all directions, chiefly 

area between the nucleus the abducens nerve and the posterior 
each case the forced movements were noted, 
the ntal plane movements) the plane vertical the 
itudinal axis the animal movements 


ere considered present, first, long the head 


Iamed deviated or s » lone as there was an nelination to go to one 
circus ements slight degre ind secondly, long 
r" Vas 1 iInelination to he down or t fall to one side, which ] 
the movements and the direction the locomotion which 
the col the ( letermined n accordance with the 
plest ements, for instance the fis 
Pos e al vement to 
( ( ! 
The Cit ( ne ct movement becomes 
apparent ~O is begin to study the ditt pathological 
litions of ocular move} nt e deviation of | land eves, and 
‘ ( 
Durh nts s 10 i necess distinetion 
et ! ene oO! plane or Clie ! ements, and 
ement binations vements, however, were means 
| sO litlere il Ss the tuble n ( ones the 
wet ( oreed move ents prese | ! t plove | Sa means ol 
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Fig. le. a 
~ SSF 
a 
Fig. 1d. 
Fics. la, 1b, Ic, 1d.— Cross sections of cat No, 139. 3 : 
Fig. 18. through the posterior | ngitudinal the pontine re 
Fig, 10. —~Ascending degeneration in the region of nuc, tegmenti prof ndus a 
Fig. 1 Descending degeneration in the medulla oblongata. ; 
Fig. 1 Descending degeneration in the medulla spinalis dorsalis. a 
aa 
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CHAPTER VESTIBULAR CONNEXIONS AND 
MovEMENTS THE PLANE MovEMENTS 


Lesion of the Mesial Part of the Posterior 
Bundle one Side (Table 376 

order analyse the physiological functions the different part 
the posterior longitudinal bundle, endeavoured first 
its mesial part one side proximal the sixth 
vas successful three animals (Nos. 91, 119 and 139): one 
(No. the lateral horn the bundle was injured wel 
illustrates the lesion the pons one these eXperiments and 
resultiny Usce nding and descend ne de evenerations (cat No. 139 

these animals circus movements towards the side opposite 
lesion were observed for shorter periods. This agrees 
the results obtained other investigators (sec Table, Group and 
harmony with the observations Schitf and Probst that 
the pons causes circus the intact side, but would 


to show furthe that a total hemisection is not necessary in orde) 


produce these movements, a lesion f the mesial part ol the poste: 


hye 


longitudinal bundle 

all these cases there was detinite cerebro-petal degenerat 
the posterior longitudinal bundle the side the lesion 
degeneration involved thick fibres which oecupy position 
the bundle, namely, its mesial part and which correspond very 


situation the ascending bundle that, Thomas, 
Probst, Fraser, and van Gehuchten, found 

after lesion Deiters’ nucleus. Not infrequently some the 

this latter bundle are found outside the actual area the posterior 
longitudinal bundle and especially its ventral side (Table No. 139 and 
No. ends close the nucleus the posterior commissure and 
appears give off number fibres the third nucleus 
can judge from own observations and those others, these ana 
tomical and physiological relationships are constant, and they suggest 


bundle which controls circus movements the opposite 
definite descending neration was present also these animals 

was more pronounced the side the operation and 

followed that side the lumbo-sacral region the 

column the cord. the other side, however, few fibres were 


degenerated these were situated more ventrally and laterally (Probst 
and van Gehuchten’s reticulo-spinal bundle) 


STUDY THE POSTERIOR LONGITUDINAL BUNDLE 
the medulla, both these descending tracts leave their dorsal 
position the posterior longitudinal bundle, and, according 


position \ccording Wallenberg, the same change 

must borne mind that injured the posterior 
bundle the spot where the fibres enter from Deiters’ nucleus 

shall have consider presently the anatomical connexions 
these descending fibres the posterior longitudinal bundle 


rder the narration results, however, shall 


here what fibres were found degenerated. wer 


i 
The fibres which, according Held, Redlich, 
van Gehuchten, Probst, and degenerate the side 
1 
t the Operation after lesion in the vicinity of the posterior COMmNISsuUre a 
venerate downwards after lesion the substantia reticularis 
pons, discovered Probst, contirmed Lewandowsky and 
nt 
indle which found degenerated after lesion the substantia 
eticulai OL the pons hohnstamm, van Gehuchten 4 
ol thre r al Bundi yd Niles q 
(Table Group 376 
number cats, endeavoured divide the mesial parts 
both pos longitudinal bundles and succeeded doing four 
(Nos. 90, 92, 97, 114): one these (No. 114) thev 
livided n thre ne uurhood of the posterior corpora quadrigen ia, 
together with both lateral parts the bundle (fig. 2); another 
nimal (No. 92) the mesial part the posterior longitudinal bundle was 
both sides, the left somewhat frontally compared with the 
and the same time the lateral part also was divided the left 
side Three these animals were incapable locomotion 
could neither stand nor run, and their condition many ways 
| 
esembled that rabbits during the first period after extirpation both 
There was conspicuous absence lateral con 
lgate eye 
Observat path cical case pt ind pr a sin il 
posterio ngitudinal lle have led Parinaud, Priestl 


| 
| 
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right 
for the 
this case 
bundle, 


the 


animal No. both posterior longitudinal bundles were cut 
across the level the exit the trigeminal nerve except 
lateral part the left bundle and 
hemorrhage took place exactly the section the left 


this probably irritated the tibres without completely 


and 


any rate, both the ascending and the descending degeneration was 


left side, where the occurred, than 


less pronounced the 


the right side, where the bundle was cut across without 


This was 


this group that was abl 


only perform circus 


(to the right) had also deviation the head 
and eyes the right for six days. 

Atter the operation, all these cases lesion the middle parts 
both posterior bundles, there was present both sides 
ascending and descending degeneration the areas described 


first group, where the lesion was unilateral. lesion both longi- 


tudinal bundles 


the 


region ¢ 


produces forced movements 


longitudinal 


aX! 


S 


the 


anima 


the 


vertical plane coinciding with 


such 


which are not discussed this paper. 


steriol 


iS sta 


corpora 


ing 


and 


quadrigemina 


tumbling, 
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Lesion Parts Nucleus (Ventral Tri- 
We must consider whether the ippos tion that we have to deal 


tract the mesial part the posterior 


bundle correct other words, whether this mesial part 
identical with the crossed bundle 
For this purpose have disposal two experiments with 
longit idinal bundle, and Deiters complex from 


loubted bundle which deseribed 
\ et een the level the distal end Lhe angulat 
n l This ol t} il the Cros ed 
ventral part nucl 


tren lateral part the bundle formation 
Winkler’s fasciculus Deiters asecendens). In No. however. the 
deveneration ditterent situated The 


nse) this bundle completely although 

far less degeneration this may conclude that the 
vestibulo-spinal bundle originates more particularly 
nse, and this agrees with original 


nucleus the narrower 


4 

a 


q 
Ls 
4 
j 
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Fics. 3a. 3b. Cros 


3b, —A 


stab thi 


AND 
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igh Deiters’ 


ending degenerati 


| 
Fig. 3a. 
. 
Fig. 3h. 
ons the upper pontine reg 


lescription, and with the findings Ferrier and Turner, 
Russell, Thomas, and others 

descending degeneration the the posterior longitudinal 
bundle also found the side the lesion any case (particularly 


ifter lesion Deiters’ nucleus the narrower The situation 


this homolateral, vestibulo-spinal bundle the spinal cord more dorsal 


ind lateral than that the corresponding the 
egion the cord its fibres with those the direct dorsal 
tibulo-spinal bundle just described, and which these cases also 
legenerated This the homolateral 
bundles, their mutual origin nucleus the narrower 
sense, and the fact that everywhere the medulla oblongata degenerated 
tibres are found, which occupy the intervening space between their two 
eas, lead suppose that these two bundles are identical, both 
venetically and 
res Probst, van Gehuchten, and others, would agree with Thomas 
van Gehuchten, that lesions the region Deiters’ nucleus 
constantly struck the great and apparently fundamental 
the descending degenerations found 
This may due the peculiar shape the lesion takes, but may 
all suffer the like degree from lesion this Some 
ngitudinal bundle formation, which not equally 
longitudinal bundle passes through softened area, for some 


the degenerate, and others remain intact the 


une differences appear occur species the relative 
sition the descending bundles, which has led even van Gehuchten 
suppose that the the homolateral descending 
the posterior longitudinal bundle 
The situation of the homolateral desce nding Deiters’ tibres in the 
pinal region the longitudinal bundle about the same that 


descending homolateral degeneration, after incision 


4 
a 
¥ 
“4 
ai. 
“a 
n 
| i tvpical example, I ild fer to cat N i, of I dowsky. From tl a 
Cm 
icter and tuation of tl iscendil legenerations (bot exclusively « the same sid 4 
t lesion, cf. § 5 of this Chapter) in the posterior longitudinal bundle formation “_ 
this case limited lesion the part region the dit vestibulo-spina 
a 
a 
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longitudinal bundle the pons region (Chapter 1). some 
however, find the fibres more dorsally situated. This fact, 
coupled with our observations referred presently 
the heterolateral descending bundle, makes question whether 
possible determine which part the descending 

the cells 

part nucleus Thi 
the application Clarke and 
declared 

nucleus sharply from 

tions 

did not brine 


bundle, and 


Winkler, and 
the extensive 
spre ad deg iti rat Ss scarcely Vv 1 drawine definite 
conclusions regard these bundles avol 
first severing the occipito-atlantal ligament and then incising 
most distal parts ion with pointed 
Van Gehuchten experimented with rabbits, and injured, 


his figures, the caudal part the vestibular region, extracting 


facial and own lesions were made means 


concealed needle piercing the Horsle and Clarke 


4 + nal ] +) ] + ] 
j ascending’ vestibul esencepha * pbunate, qairee “Spin 
the first authors upon this subject (Held, Ferrier, 
iussell, and Thomas . respond Wit Lhe result il 
vestigators just mentioned and also with vn, the dat 
a 
inatter we shal ive to adise yne ler nee pil lis 
I 
recardading it 
q "The iuse of these ditteret pinion, as fav lear ( 
the method lopted operating, and the fact that 
physiological ditteren econadal Ns the lilierent 
parts ol 1) Le! nu CIVCUMSLANCE vh tnell 
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il 
w he 
ene 
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neither the cortex cerebelli, nor 
directly the spinal cord, this 
a 
these birds the wed the relative parts, so that any a 
owe von Monakow and and above 
} 
n Grehnuchten tt nt i homolatera! 
undle has interfered 
| 
neitudina (fi and from ind other experi 
nts have come conclusion that the for thi 
93, fig. Se, and No. 95, tha sequent to 
van Gehueht the distal 
said, that sue can regarded 
but crossed ne, and until some 
nucleus, much less what part, gives rise hetero- 
res 
a 
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-[esion the Vesial part of the tteral rhoof thre Posteri r 
Longitudinal Bundle (Homolateral 
(Table Group 1, p. 376). 


one cat with lesion low down the pons region, the large: 
fibres the vestibulo-mesencephalic bundle remained intact, 
but area lateral this bundle was degenerated the side the 
lesion 

This case appears especially interesting from the fact that 
rhage took place exactly the area the posterior 
bundle (fig. 4): this animal there was noted circus movement, 
rather maximal conjugate deviation head, neck and eyes 


non-operated side, for thirteen days. 


| 


‘ 


These de generated fibres may belong to the area of the crossed 
vestibulo-mesencephalic however, nucleus the 
other side is intact: no de scending degenerated fibres in the posterior 
longitudinal bundle were present except the side the lesion and 
these were situated dorsally and laterally and the direct 
bundle was not degenerated moreover, the were more delicate 
structure than those the crossed vestibulo-mesencephalic bundle and 
were situated more laterally the posterior longitudinal bundle forma- 
tion. seemed, therefore, likely that these nerated fibres might 
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have different origin from that the crossed vestibulo-mesencephalic 


indle. 


This supposition was strengthened soon examined two 
that had sustained lesion limited the situation 
icleus (No. 93, figs. 5a, and No. 95, tigs. 6b) these 
found this ascending bundle, and also bundle fibres descending 

the spinal part the posterior longitudinal bundle degenerated, 
the side the lesion. The origin this 
indle could hardly other than nucleus. 
homolateral vest bulo-mesencep!] ilic bundle (as dk scribe | Wallen- 


Winkler and van Gehuchten) which ascends the direction 


e postel 
physiological significance this homolateral ascending bundle 
hich course lateral the crossed 
indle, appeared closely connected with that the crossed bundle. 
‘his 1s pi bable from the tact that animals in which one of thes 
indles (crossed uncrossed) was degenerated performed circus move- 
ents to the healthy side . l and 3 of this chapter . or else 
njugate deviation head and eves (fig. 
The homolateral descending fibres nucleus (iess 
cat 95, where Deiters’ nucleus was entirely intact) 


more dorsal and position the spinal part the posterior 


bundle formation than the 


till now have become acquainted with 
esencephalic bundles, the mesial one which crossed and ascends 
the ventral triangular part Deiters’ nucleus, while the lateral 

ascends uncrossed from nucleus. ascending 
veneration either these tracts and the associated descending 
legenerations the spinal part the posterior longitudinal bundle 
apparently always accompanied movements with con- 


ivate deviation of head and eyes to the non-degent rated side. We 
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THE 


have now determine, therefore, whether our experiments 
any support for the theory, constantly advanced recognized 
authorities, that the posterior longitudinal bundle and 
should looked upon the pathway the reflex mechanism for 
the maintenance equilibrium. This supposition has been discussed 
Bleuler, Russell, Bechterew and Wallenberg, and 
has been accepted correct Spitzer and 
been advanced Prévost, Monakow, Spitzka, Gowers, Gee, Tooth, 
Kaplan, Finklenburg, and others, and these have been accepted 
anatomical grounds Bielschowsky, Bertelse and and Lewan- 
dowsky. would consider our duty, therefore, specially 
present material, order determine whether justifies 
dismissing the idea purely hypothetical, whether contributes 
any definite experimental proof support this theory which has 
been arrived such variety physiological, pathological and 
clinical means. would strong argument for the conception 
the posterior longitudinal bundle pathway for the mechanism the 
motion the horizontal plane, were find that the 
bundle also contains fibres, the descending degeneration which 
associated almost constantly with circus movements. 

With this object view, naturally turn our attention the 
region Where our ascending bundles terminate, and which obviously 
closely connected with forced movements, namely, the region the 
posterior commissure. must first determine, therefore, what are 
the physiological and anatomical consequences lesion this region, 
and then particularly look for the descending degenerations the 
posterior longitudinal bundle, consequent those lesions, that were 
associated with circus 

For this purpose have our disposal seven own 
experiments (Nos. 107, 108, 106, 109, 98, 61, Table Group 10, 


STUDY 
| 
1 The nand t inat? f two descending bundles had already been recognized by “a 
ivself for e time, and they had been termed fasciculus comn iro-medullaris and 3 
October and November, 1912, but the manuscript which sent December, 1912, 
f experiments; these latter on were } lished in that na Iv commu tion i. 
rnir circus move} ts was published in the Ne f January, 1914 Since then a? 
pinal bundle (.\ May, 1913) 
iva 
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reference Table notice that, again accordance with 
the law and Probst the caudal parts 


the optic thalamus movements the side the 


operation these animals executed circus movements the 


side operation for longer shorter periods. Cat 108 was 
exception, performed rolling movements the left side side 
operation for very unusual length time and circus movement the 
left side for one day only. ‘This case exhibited extraordinary localiza- 
tion the lesion, which caused degeneration the commissuro- 
medullary bundle the left, and the interstitio-spinal bundle the 
this connexion would recall that the 1881 Bechterew 
had noted circus and rolling movements after lesion this 
137), obtained similar these writers remark, and 
rightly, that these movements are never characterized the vehemence 
which regularly occurs after lesion the vestibular region. 
delicately granuled tract was found more less degenerated all 
these five animals, the side the lesion, the mesial part the 
posterior longitudinal No. was both sides the 
middle line the results the bilateral character the lesion. 
Before proceeding correlate the anatomical data and the physio- 
consequences observed, must exclude any accidental injury 
the vestibular nerve, even limited lesions its area are 
} ry | 


peculiarly liable bring about movements Chapter 


slightly black dots, condition similar what was observed 
No. 61 If, wwever, We remember that a lesion of this nerve invariably pro- 
duces rv lling move ents to the side of the lesion, we can safely set aside the 
that the movements the right and the left this group 
nimals whie we are considering, were due to an indirect lesion of the nerve 
) | Ss also KelL\ slight speckiuing of the two vestibular nerves 
equa ly) No. 108, could cause the prolonged tendency fall the left side 
In No. 109 unerous delicate black granules were found in the two Deiters’ Bie 
! iclei, and as regards this animal we cannot say positively that the elreus Bs 
novement the right for one whole day was not owing this 
aire les ¢ ers’ nucl 
q 
regard animals then, have notes the duration 
ind the nature the forced movements, and also the different 
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No. LOG, find the nervus vestibularis the left side 
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Fig. 8 
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pinal cord the lesion 


the area the posterior longitudinal bundle, 
responsible for these movements. The 
posterior longitudinal bundle, described Probst, 


Nos. 106 


perfectly intact Nos. 107 and 61, which animals 


Karplus, was found degenerated onl 
and rolling movements. From the hypothesis 
med, and which regards the posterior longitudinal 
mechanism, may suppose that there exists 
Inpone nt controll ne the cireus movement We must 
refore, the conditior the tracts within 


bundle, lateral bundle having probably 
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These descending mesencephalic fibres the posterior longitudinal 
bundle, already noted Held, have been examined after the Marchi 
method and described Boyce, Redlich, and Probst 
them, however, have deal with double bundle, the component 
parts which begin and end differently. Their course was 
described the year 1912 and the bundles were termed the 
and interstitio-spinal bundle. Cajal, Wallenberg, 
and van Gehuchten discovered the descending mesencephalic fibres 
this region birds and fishes. Lange studied them ditferent 
Spr cles of animals, and considered them homolovous with the incrossed 
tecto-bulbar bundle of the tish. In a rabbit he followed them right into 
the sacral region. regards man, centrifugal fibres 
longitudinal bundle have been described Gee, Tooth and 
situated its mesial and, according also 


its dorsal part. 


Where can follow this part the posterior longitudinal 
its downward course Nos. 107 and 108, 
determine that have before here two separate anatomical 


separate strand coarse fibres well into the lumbar region the 
spinal cord (fig. situated the anterior column and runs 
the anterior fissure, about two-thirds the way from the ventral 
the dorsal end the the other hand, No. see 
that the delicately tract the left side (fig. most 
situated the posterior longitudinal bundle, disappears caudally 
from can followed into the cervical spinal 

When now consider (Table that lesions the 
region the posterior commissure, Which are followed move- 
ments the side the lesion, with conjugate deviation the head and 
eves, constantly find 


enerated fibres the innermost part the 
posterior longitudinal bundle, descending towards the medulla, thus 
seems likely that have here the centrifugal limb the reflex are 
which circus movements the side the mesencephalic 
lesion. 

must therefore that posterior longitudinal 
bundle there are found not only two tracts each side ascending 
tibres, the which occurs simultaneously with 
movements the healthy side, but also each side centrifugal 


neration 
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which associated with circus movements the side the lesion. 
agreement with this theory Sherrington’s the circumstance 
that the ascending fibres this reflex arc are much more abundant 
than the descending. The condition resembles that the single giant 
Mauthner-fibre fishes, which, according controls the 
motion the tail fin. 

None experiments direct opposition this supposition 
one Economo and experiments also (referred Table 
may regarded supporting it, and results and 
may interpreted also agreement with it. 

animals the same phenomena were present cat No. 
‘This animal, although the nucleus the posterior commissure 
the bundle were intact, 
movements towards the operated side for some time. 
Chapter this class experiments will dealt with especially, 
lesions tract fibres that connects the cerebral hemisphere 
striate body) with the region commissure. 


with those other authors, 


included. 
Direct electric stimulation of this region may contribute towards 


the ultimate solution this problem This 


question also will taken further Chapter 


the vestibular root itself was injured the instrument, was found 
degenerated such extent that some indirect injurv must 
have taken place stretching, some such way. 

The forced movements afte: direct lesion the vestibular root, that 
say the cases with definitely confirmed total degeneration the 


nerve-root, are far longer duration than those after indirect lesions 
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TABLE 


Lesion lateral part 
(middle division), ide rig 
side left side 
106 Extreme antero-lateral part of posterior com-f 21 ,, Few ftib 
missure, right side right 


right 


Lesion latero-posterior part post Degenerate 
commissure, right side 


61 Region of posterior commissure, on right and | 26 Left 


left sides 


than the forced movements described the first two chapters this 
paper. Also the character of the rolline associated as a rule with the 
Hertwig-Magendie squint (the eveball the side the lesion being 
deviated downward, that the other side being directed upward 
more vehement the case direct root cats only 
direct injury the vestibular nerve that rolling movements continue 
weeks ; alter secondary Ol indirect lesions of the Ve stibulai herve, ind 
after lesion the ascending systems only, minor phases only 
forced movements were noticed, such tendency lie 
side, to fall to one side, or a rotation of the head to one side, when 
the chin was moved away from the direction the rolling. 

As soon as the anwsthesia passes ott in lesions of th vestibulai 
root, there occurs usually rotation the eyeballs their antero- 
posterior axis towards the side the lesion, rotation which 
demonstrated cats because the slit-like shape the pupil, and 
rabbits can made apparent the performance preliminary 
towards the side the lesion, the lower half from the side the lesion 


slow character the direction the rotation, but rapid character 


the opposite direction. rotatory nystagmus usually lasts for 
few days only, and increased turning the head the direction 
opposite that the rotation. 

they may renewed blindfolding the animal. For long time 
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nimal can also pressed down more easily the side which 


the other side falling exper 


ent (the normal cat being taken its legs, and dropped 
variably upon its paws) the rolling can brought about again, 
t n ethe narcosis i rotation n the Opposite direction 137, 


tion rabbit the rolling movements invariably 


t t! ep 
] +] +] ] 
such manner that was always the 
the injured This accords with the 
Flourens, Schiff and and with those 


Winkler, Camis, Bartels, and others later date, with 
ion the nervus 


this paper discuss the hydrokinetic 


these organs, simultaneously brought forward Crum 
Breu ind Mach, recall the extensive literature con- 
rned with stimulation experiments performed upon the semicircular 


als and the acoustic macula will remark that lesion 
nal tends produce deviation movement the plane 
that canal well corresponding alterations compen- 

position the eyeballs that take place during 
the body 70, (pathological observations 
van Uttenorde) well known 


Stein, Stenger, Bourgois, Bez 
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that not only vertebrates, but also invertebrates, for 
octopods (v. Uexkull, Muskens Prentiss), removal the 
whole organ invariably causes rolling movements 


the lesion, together with corresponding disturbance independently 
moving parts the body (eyeballs, fins, tail, 

regards the more recent researches concerning the vestibular nerve 
itself, I would quote those of Biehl 21 , relating to direct electri 
stimulation this nerve horses and sheep. During the stimulation, 


the right nerve, deviation was observed both eves the right 


side, with small rapid nystagmus the same direction; the same time there 


was squint present, the left eve being below, the right above, deviation 
which found animals that roll the left side Immediately after 

ance ol the vestibular nerve, on the othe hand, t e deviation of the eveballs 
and the squinting were exactly the opposite direction thus, after section 


the right root, the horizontal deviation of the eves was to the left, the leit eye 


was turned upwards, and the right downwards. does 


from these observations (which are partially variance with those 


physiologists) that the stimulation experiment the 
character ol the normal working ot the vestibula nerve appears |! rd] 
justifiable. We should rather assume that the vestibular root con prises s 
many different entities, all ith the preservation 
static and equilibrium, that will depend upon the details 


Thus from own experiments would appear that lesion the 
parts the vestibular nuclei causes movements, the direction whic 


the reverse that movements caused lesion the caudal parts 


of the nuelei. It would, therefore, hardly be surprising if direet stinn t 

the proximal and the root produced oppositely direeted 
conjugate deviations. Stimulation and the whole the vest 
root gives evidence, | CO sider, ol the of the pre ponderal t sel 


canal that particular animal 


regards the anatomical results this group animals 
considering, must make particular mention rabbit 
pars petrosa cerebelli, according to 26 or the so-calle | 


was extirpated, and part the vestibular nerve was injured, 


associated lesion which occurs 
Amongst large number experiments consider this case the only 
one which utilized for the study the intracerebral 
tion that occurs after lesion the vestibular root alone, since all other 
experiments rabbits and cats showed, careful microscopic examina- 
tion, complications caused associated lesions regions. 
this animal could follow the degenerated vestibular nerve-sheaths 


4 
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nto three cell groups, the descending ramus the vestibular nucleus, 
nucleus (both its ventral distal division—nucleus triangu- 
laris—and its dorsal large-celled division—Deiters’ nucleus 
nucleus tecti Meynert, Sala and Thomas also traced vestibular 
tibres directly into the roof nuclei. 

none numerous experiments with lesions the vestibular 
nerve could succeed following the course the root-fibres towards 
the area the posterior longitudinal bundle and its lateral horns, 
towards the pons mid-brain, descending directly into the spinal cord. 
vain did endeavour convince myself, means the acid 
method, the existence direct vestibular which cross the 
raphe (Cajal and Wallenberg Deganello 
should almost doubt that such fibres 

although the silver method Cajal strongly suggests them 

what may happen, with the acid method, think, that 
xtensive injury the elements the vestibular nerve, few fibres 
from Deiters’ nucleus degenerate upwards, and thus simulate 


root-fibres. cannot agree with Lewy that 


the structures the posterior longitudinal bundle are more likely than 


se in other regions to contain tibres coloured by osmniec acid. On the 


ntrary, carefully avoiding all compression the brain, have 


btained ample proof that even extensive lesions the cerebeilum 
including the nucleus dentatus) never cause the slightest degeneration 


1 


the posterior longitudinal bundle; these cases never observed 


the shghtest sign forced movements the two planes (circus 


vertical plane, vertical the long axis the animal) which are dis- 
issed this paper. 
regards the striking difference the physiological 


duced the lesion rabbit and those produced all the other 


int 


esions the vestibular root, must observe again that the rolling 
novements this case were never vehement character, and, 


ilready state d, were directed to the side opp site to the lesion. Seeing 


that this sort movement never resulted numerous other 


ibbits which the flocculus alone was removed, together with the 


1 
} 
I 


case upon the unusual lesion the vestibular root that 


was present. this case (rabbit was especially the caudal part 


the vestibular root and the descendens that were degenerated, 
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—" 


and the limited extent 


degeneration the tuberculum 


Lesion of 4 Des ending han MS 


Lable I, Cri ip 


The next group considered contains the 
the descending ramus the vestibular nucleus 
Nos. and 35. ‘he point sion that 


these cases rolling movements the healthy side, any rate 


inclination thereto, were observed during the life the animal 
intensity and the duration these rolling movements 
corresponding deviation and rotation the eveballs around their axes 
the intensity the lesion this part the vestibular complex, 


the completeness with which, some other experiments, this part 


* 
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and the corpus trapezoides 
Py FiG. 9. Lesion of the medulla blongata of cat 5, 8 ftenir with evstic de eneration, 
including the ramus descendens nuclei vestibularis. 
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the complex cut off from the raphe, and from the more proximally 
situated parts the cerebrum. 

cat No. have deal with complete cystic degeneration 
the entire region (fig. cats Nos. and 35, the lesion 
only and caused apparently indirect temporary pressure; 
latter these two animals rolling movement never actually ensued 
cat No. 146 was the distal part the ramus descendens only that 
was cut off from the raphe and the proximal parts the brain; cat 
158 the sagit Was immediately lateral the left 
ongitudinal bundle and severed the entire vestibular region 
raphe (figs. and This last animal fell for several days towards 

material inadequate allow the conclusion 

drawn absolutely that this part the vestibular system specially 
ntrols this rolling movements towards the non-severed 
function, because, according Munk 106 

the result only inability 

However, consider this 

physiological 

rare 

ramus, animal remain 

that 
confess that the 

dentally the ramus 

empts produce lesion the descend 


rolling movements 


which are due 
No. 158 that have been able 
animal ascending deveneration 
lateral horn the posterior 
situation and the extent the 
the ramus descendens the 
which was the 
This much certain, however, 
destruction, and No. 18, with 


there strangely enough 


ascending degeneration the heterolateral 


same time only exceedingly 


| “ali 
385 
7 
x. 
branch and this way 
healthy | 4 
regards the secondary dege 
the ramus descendens, onl 
btain positive data thi 
present the mesial part 
tudinal bundle (fig. but 
esion this case are not such 
iscending bundle actually origin 
vestibular nucieuls probably 16 1 a 
that cat No. with complet 
1 } ] ] 4 
posterior longitudinal bundle, and the 
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Fig. 
Fig. 10 
Fics. 10a, from 158 
ts E Fi 10a.—-Sagittal lesion on the left side of the } ter itudinal indle, 
cutting off the vestibular region ft 1 the phe. 
Ascending degeneration the region leus tegmenti profundus 
Note also degeneration the tractus vestibulo-mes cruciatus 
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descending degeneration either the side the lesion 
the opposite side. No. 158 the degenerated fibres may merely 
crossed ones. 

the literature find certain facts which are support 
ews. ‘This the case the discussion Longet the rolling 
movements which occur after lesion behind the fifth nerve. 
ind confess that they cannot explain why, after lesion the 
posterior part the cerebellum, rolling movements should appear 
which take opposite direction those seen after ablation 


Russell 138) observed the same movements after lesions 


lescendens, the restiform body beine usually involved, 
suggested that the ascending olivo-cerebellar fibres took part this 
phenomenon. however, considered certain that all the olivo- 
cerebellar fibres terminate the cerebellar cortex, the fact that 
lar cortex alone associated with the demonstration 


this phenomenon renders the supposition improbable. 


F Deiters’ Nucleus (Table I, Gre upd, p 376) 


two animals (Nos. and 118) the lesion was limited Deiters’ 
the right side (Group Table both these animals, 
8 land 3, | have discussed the Crosst d is ‘ending cle veneration of fibres, 
passing from this nucleus into the posterior longitudinal bundle, and 
n these two animals there was also a falling movement to the side of 
the lesion well circus movement. both animals ascending 

was found the most lateral part the lateral horn 
the posterior longitudinal bundle, and could followed upward 

rection far the region the tegmentum. tew fibres, however, 
posterior commissure its extreme caudal 
evel (lateral fibres seen fig. right 

this chapter, shown that direct lesion the lateral 
art the posterior longitudinal bundle followed ascending 
the fasciculus vestibulo-tegmentalis lateralis, which 
all cases accompanied rolling movements towards the side the 
esion. 

careful examination the cases and their anatomical lesions, 


one feels bound admit that different parts Deiters’ nucleus control 


a 
the restiform body. 
q 
4 
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the movements the operated side, and the rolling movements 
towards the side the lesion. This illustrated cases Nos. 113 and 
118. the first case the circus movements lasted whole week, while 
the second they were present for one day only; the first case 
the entire caudal triangular part Deiters’ nucleus was injured, and 
the ascending crossed bundle was 


degenerated than the second the physiol 


OD cal 
analysis one may further deduce that the magno-cellular part Deiters 
nucleus, what termed Deiters’ nucleus the narrow sense, which 
the the side the lesion, sends out more 
fibres towards the spinal cord the side the lesion, than 
ventral part which controls the circus movements the side 


lesion. 
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Fig. 
Figs. and Lesion the posterior longitudinal bundles the pontine 
Note destructi the teral the right side. 
Fig. degenerat the lateral horn right side. 
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the homolateral, and 
posterior 
(fasciculus reticulo-spinalis 


1] 
Celis 


Poste rior 


ndens 


and Table TI, Group 376) 
The following groups experiments (Groups and concern 


the direct lesions the lateral part the posterior longitudinal bundle) 
which acknowledged Winkler 169 
Gehuchten 


Lewandowsky and van 


anatomical entity, and named them the 
fasciculus Deiters’ ascendens 


.D.A.), triangulaire 


paid experiments Nos. and 
Group 


Special attention should 
ef. the diagrams the 


and the figures lle and 


q 
2 or 
Fic. 
l2a, 1 Cy -sections of Cat 92 
Figs. and the posterior longitudinal bundles the pontine 
Note destruction the lateral horn 
] lz \ tion f lateral } ! n left le 
] ] ] + ] + 
bundle tibres originate the reticu 
which from Deiters’ nucleus. 
¥ 
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because those animals both the posterior longitudinal bundles were 
cut between the sixth and fourth nuclei No. the right 
culus Deiters’ ascendens was also cut (figs. while No. 
the /eft fasciculus Deiters’ ascendens was cut (figs. and 
here observe remarkable parallelism between the physiological 
right 


and anatomical data given the table. Case 90, where the 


while the animal displaved rolling movement 


upwards the rig 
the right side. Case the left fasciculus Deiters’ ascendens 
showed degeneration upwards the left, while the animal also displayed 
rolling movement the left side. 

not single case was there any trace lesion either the 
vestibular root, Deiters’ nucleus, the ramus descendens the eighth 
nucleus, might the cause this phenomenon 

Case the posterior longitudinal bundles were severed 
orally the fourth nucleus, while the Deiters 
ascendens was also cut. this case was only epileptic fits 
induced camphor monobromate that falling the right side was 
observed, 

the next five experiments the extreme lateral part the fas 
culus Deiters’ ascendens was either injured directly, was found 
degenerated consequence lesion Deiters’ nucleus associated 
with extirpation cerebellar hemisphere 

some cases, such No. 150 (cf. also case No. 

only the extreme lateral fibres the fasciculus Deiters 
ascendens were attected on one side, vet the animal showed a decided 


tendency to fall to the same side In such cast the as ending 


degeneration can only followed for short way, which 
shows that these lateral lose their sheaths thev 
the region the posterior 


ments, seeing that the d wrats of the table Group ) furnish all the 


necessary data 


consideration the data probable that there 
vestibular ascending bundle one several bundles) the 
part the ascendens, which controls the 
\ rec is h I I ( 
that in il 
bundles, causi 


‘a 


ters 

smal 

cleus 
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lateralis 
results obtained after lesion the division 
eus (Chapter 5), may deduced that the medium 
the dorsal division Deiters’ nucleus (th Deiters 
the narrow sense) constitute the origin this 
come t In Consequene the total degenerat m oof the 
the cervical cord (v. Monakow 104 
Other lesions made the pontine region have 
rolling when the vestibular ind then 
sten remained intact can further contirm for 
nts 
rent with results discussed the foregoing 
t! data 
these cases did the rolling movements actually 
tenden the animal to roll o1 l on t the 
Case there was found devenera 
vestibular root the right Deiters’ nucleus which 
t! | can «ass nn cause for this tenden » fall 
l } 
i ited 
in tl par uy In Ca ( 


fasciculus 
ant cells 
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fasciculus Deiters’ ascendens, which controls the rolling movement 
the healthy side (fig. 


spinal posterior longitudinal bundle the same 


Phe re ! vever, too few cases to iow ol ny »p tive col 
clusions being formed the existence such 

Should further investigation, ever, confirm this supposition, 
bundle might named the fas vestibulo-tegmentalis 
tudinal bundle the left side Case 13, and Case 158, 


the experiments and anatomical data contained Chapter ITI, 
considered, would seem possible that the cases dealt with this 
section demonstrate secondary connexion the descending 
ramus the vestibular nucleus. evidence support this view 
are the three cases (VIII, Nos. and 35) where, after lesion this part 
Deiters’ nucleus rolling movements the non-operated side followed 
As, however, was impossible these three cases determine posi- 


tively that there was ascending degeneration the posterior longi- 


the 
region 
q 
q 
4 
* < é ‘ 
Fy Taken from eat 91 (Table I, G ip l, } As rat raf 
secti f the post r longitudinal | il ft sid Note d t f f t 
q att oft f +] { 
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after lesion the ramus descendens, with the Marchi 


not justified drawing any further conclusions. Unless 


that the axons which ascend from that part the 


form synapse with adjoining group cells 


‘eptional behaviour the ramus descendens com- 


assulrie 

n ele 

he nu 

ne ¢ 

t 

n 
ro? 

itu 


nt 
rfant 
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it 
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ther primary centres the vestibular nerve the 


nucleus 


Without exception, from the parts 


the mate nvestigation was dered with 
bearing the supposition several authors, 
that not only the centripetal bundles 
the equilibrium motion the horizontal plane form 
part the longitudinal bundle, but that the 
nti that ftunctiol ! centrifugal sense ilso find a 
ventral part the mid-brain associated with 
the the lesion the probability 
tence descending bundle which originates 
the commissure. The experiments not only 
Schiffand Probst after hemisection the 


thalamus circus-movements follow the side 


furnish experimental data which tend prove that 


lesion certain group cells and the consequent 


the extreme mesial part the posterior longitudinal 


msible for this form forced movements. The con- 


the maintenance the equilibrium 


plane assured double system ascending 


situated either side the mesial line, and also 


“nl 


between the posterior commissure and the region 
system tracts shows distinct connexions 


the ocular nerves, which are quite sufficient 


q 
q 
q 
the posterior longitudinal bundle the fourth 
linal bundl 
CENT GAL HICH CONTROLS THI 
eference t t 
hich 
) 
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descending tract 
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explain the conjugate deviation the eyes the horizontal plan 


regularly accompanies the movements. 
Owing the descending connexions with the medulla oblongata, 
the concomitant action the neck, trunk, and extremities 


regarded assured. means this double system the con 


movements the head and are accomplished 


unilateral lesion the tracts, either ascending descending, whicl 
are associated with circus movement and conjugate deviation 
horizontal plane the eves. 
the experiments made connexion with 
vestigation are examined their bearing the question the 
the lone axis the animal. there arrangement tract 
similar that involved the forced movements already discussed 
anatomists, and clinicians have shown less interest 
this problem than that dealing with 
conjugate deviation the horizontal This partly due the 
fact that this particular form conjugated deviation (Hertwig 
Magendie squint) only rarely met with conditions 
and also because the rolling and allied phenomena seen phys 
experiments are but very understood 
Biel 


| d le t und 2 
n tne r A t 
ist imitted t | 
t ( ( uy 
\ r \ im 
move 
ex} ned by t liar a 
nted f ul ! il 108 ( ( 
the interst pinal tra 
ned with a ment to th m d fr lf th 
f ci st und met sid 
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especially after lesion the restiform bodies. 
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have noted this form squint phenomenon 


brought certain passive rotations the head. 


clare ! Q7 


and Stewart and Holmes have found 


} 


also observed true rol diseases sheep 


rature such there the subject conjugate deviation the 


The rare the skew deviation the 
with combined visual field explained Clarke, working 


laboratory, vestigial trace former phylogenetic 


Where this form squint was useful reflex mechanism 


ited with monocular vision! Where little known about the 


enomenon and the centripetal tracts controlling experiment 


disease, It IS not surprising that, so far as 1 am aware it least, the 
piel t hethe tnere ¢ Sts tract or centre, the descending 


ind the the body and other minor allied symptoms, has not 

his problem embodied the question whether 

sent investigation there any evidence descending 

hen with rolling movements 
mena 


tudin bundle atte the region the 
] 
sure | | Lhe fil medullary bundk 
the thick fibred interstitio-spinal (3) the bundle lateral 


bundle deseribed Probst, and 


ter art 1 | llary 
La \ | t i i 
UU ry ti t wa eve 
i a ra i re pat 


mtal plane quite lacking 
4 
lesion which issociated with rolling movement 
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the cases where movement was found, 
probable that the bundle the centrifugal tract 
controlling this movement. 

this connexion (rolling movements) have consider the 
second and third the descending bundles especially. the cases 
where the rolling movements some the allied minor phenomena 
were maintained for longer period picked out, then the Cases 
107 108, the case Probst and that cat No. recorded 
Economo and stand apart. From the consideration 
cases was concluded that the interstitio-spinal tract was degenerated 
the side the lesion the post-thalamic thes 
animals the rolling movements phenomena 


towards the normal side. The question now arises: 


coincidence the rotation dependent the degeneration 
centrifugal limb mechanism for the equilibrium plane 
vertical the long axis the animal 

yet not consider that sufficient evidence has been collected 
question one worthy further investigation. 

Only very localized lesions the region 
commissure was possible localize the probable origin 


interstitio-spinal tract, the Marchi method most cases 
for recognizing detinite cell groups 
atforded evidence for determin 


boundar\ ol the origin of this tract, while Cass ~3 attorded evidel 


for the dorsal bow 
nucleus and tract with that described Caja established, whil 
they are definitely from the nucleus 


commissure and its 


The tract lateral the posterior longitudinal bundle first 


delicate fibres wh ch originate n the prael ibral re ind s} 
Case 108 (not the figure), appear lateral the 


stitialis. does not enter into relation with the third nueleus but 
descends the same side latero-ventrally the posterior longitudinal 


bundle, terminating the ganglion 
immediately caudal the fourth nucleus. 
already stated, not prepared either deny affirm that 


} 


this tract has anvthing with the 


| 
q 
| | 
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would, however, point out that exceedingly improbable that this 


tract corresponds with the descending tract Collier and Buzzard 


since preparations none its fibres descend lower than 


the pontine region. 


lesions the posterior commissure described 


the above-mentioned authors and myself, leads the conclusion that 


commissure the raphe. the 


fibre S do 


would seem that they originated the nucleus 


} 


ide, which lies in the middle of the 


ante ro-posteriorly, 


after hemisection the cord, but after lesion 


devenerate 


and Karplus however, advance the 


the corpus 395, 


observations Probst, Lewandowsky, Flat- 


seem to lend confirmation to the view 


the present investigation tend show 


itialis (Cajal) followed rolling 


ide from the lesion. ‘This 


the results obtained Bechterew 
dogs 
rstitio-spinalis was found degenerated 


highly probable that it contains the 


sed vestibular retlex are dealing with 


sion 
fishes causes, according 
non-sectioned this again 
section the longitudinal 


und sharks tl i raane between 

animals, performing this circus 
ut t W 


a 
= ~ 
that it 1s part of the tractus mamnulll -teomentalis 
the whole the results 
the movement agreement witl 
In these cases the fasciculus inte F 
tion the region the posterior commissure caused 
i 
ents towards the side the irritation, opposite the direction 
In th connexion it may. be 
cordance with results witl 
indle caudal the nuclei the posterior According 
till further, that also the lowe 
vas 
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show tendency roll the side the lesion Flourens 
and fundamental difference these groups animals lies 
however the fact that the lower ones lesion oral the com- 
posterior brings about forced movements, whereas the 
animals they do, the direction these movements being 
that caused lesion the posterior longitudinal bundle. 
logically speaking, have probably deal here with very old 
Wallenberg came the conclusion, purely anatomical 
grounds, that the ventro-median part the thalamencephalon 
vertebrates subserves octavo-lateral functions, and 
far older date than the part, which represents recent 


acquisition and associated with sensory impulses 


The literature the effects prosencephalon conjugate 
deviation the lower animals very scanty and 


and Warrineton observed that birds stimulation the lateral 


ventral part the fore-brain, the orig 

] 
tract, associated With conjugate deviation the head and 
the other fish, amphibians, and rey both the 

ment of Ul t and rie mn the ntal plane ind th cerebral 
+ 
] +1 
been above that these animals, birds, the ren 


The main object this analyse the 
plicated vestibular system with its ascending and descending 
physiological and anatomical methods. Since was 

former investigation that lesion the posterior longitudinal 
bundle primarily associated with two forced movements, seemed 
possible that study these movements might help elucidate 
number fundamental points, about the structure and function 


region and the posterior longitudinal bendle formation, 


4 
4 
CHAPTER CONCLUSIONS AND DISCUSSION RESULTS 
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some strands the 
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Thus Flechsig, Bechterew, Ziehen, 
attention 


the fact that 


medulla and the posterior longitudinal bundle are 


a separate tl 


act 


puncture 


that 


fine 


vehement 


the posterior ton 


The 


presence 


even the 


In the 


movement 


phenomena 


bundle 


posterior longi- 


vertebrates, 


embryonic rays, soon locomo- 


posterior longitudinal 


the 


S so as 


observed after 
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In this analysis the vestibular nucle must be considered as a wi 
cell masses, each one which controls the 
separate ascending and 
’louren Spamerand particulaa Breue) 
have proved that irritation any canal 
the plane ling with the canal 
Kubo lay stre the fact that movement 
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functional relation anticipated between the horizontal canal 


and Deiters’ nucleus together with 
nucleus, and also between the anterior vertical canal and the descending 
branch the nucleus vestibularis, together with the dorsal part 
correct does not course indicate that the two forced movements, 
conjugated deviation and reflex coincide with the planes 
the canals. almost certain that the anatomical arrangement 
the skull and the customary mode progression the animal will 
play part. The latter factor will undoubtedly intluence 
phenomena dependent the vestibular system may also 
responsible for the prevalence rolling movements after labyrinthine 
vertical their long axis. Biach and Bauer 

similar conclusion, result their own experiments 
Marburg and Bing the ascending tract 
schematic diagram 14) reference made the otoliths which 
are probably, Breuer and believe, connected 


with the perception linear movement, 


canals are associated with the perception angular movement 
organs are evidently closely associated their action, and there 
doubt that hardly any movement the head associated with 


stimulation one semicircular canal only 


Higher Animal 


Although the anatomical and physiological the 


longitudinal bundle formation dealt with this paper, parallels have 
more than once been drawn between the two forms 


ments, must borne mind that, from physiological standpoint, 
the character these movements, circus and rolling, very different 
The rolling movements when present and well developed are mostly 


characterized their vehement nature, while the circus movements 


An except n to this rul is found in turt i an tl } { the car r 
any falling the side. these animals even Deiters’ 
not apparently cause true rolling movements (Fano, Bickel 


F 
a 
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quieter and more deliberate. Where both are present medullary 
lesion the rolling movements are nearly always the more conspicuous, 
fact only after the rolling movements have been partly com- 
for that the tendency toone side manifests itself; both 
are present thalamic and quadrigeminal lesions, the circus 
ments are far more pronounced. 

Usually, owing the peculiar arrangement the ascending and 
descending tracts the posterior longitudinal bundle formation, sub- 
serving these functions, circus movement one side accompanied 
rolling movements the other side. This rule has large 
number experiments its exceptions, owing peculiar situation 
the lesion. this ground, many others, Brown-Séquard’s and 
Prévost’s doctrine the identity the two types movements 
longer maintained. theory has until very recently found 
supporters amongst physiologists. 

physiological sense, there are even more points difference 
between the two forms forced movement. Goltz has shown that 
ter bilateral section the cerebrospinal stem the frog, the hind 
part the brain which still with the vestibular 
maintain equilibrium the vertical plane, 
vertical the axis. the animal laid its side 

turns the normal position, executing rolling movement. From 
this the conclusion seems inevitable that for the maintenance the 
‘ puilibrium in the plane vertical to the long axis of the animal th pe ri- 
pheral reflex are the frog (anterior vertical complex 

lescending tracts into the spinal cord) endowed with amount 
autonomy. has not yet been proved that the lower vertebrates 
have like the higher mesencephalic reflex are the posterior longi- 
tudinal bundle formation, which, with the medullary arc, dominates 


the compensatory movements the vertical and horizontal planes, but 


possible that such are does noteworthy that 
lower vertebrates the direction of the forced moveinents does not change 


vyhen the lesion extends to the recion of the posterior colinissure 


the higher animals, attention may here drawn the fact 


both the centres (for both types move- 
nts) are provided with spinal axons, but far more important one 
than the other recalled that the axons from Deiters’ 
‘leus, well those from the nucleus interstitialis, descend into 


the sacral region, while from the Bechterew nucleus and 


nucleus commissure posterioris, they rarely reach beyond the cervical 
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these physiological and anatomical differences 
view, and also the opinion urged Breuer that the equilibrium 
plane vertical the long axis the animal extremely delicate, 
especially quadruped vertebrates, and therefore need constant 
adjustment, evident that the different characteristics the forced 
movements after cerebral lesion appear new light. The fact that 
distinct rolling movements are never observed after cortical lesions 
the cerebral hemisphere supports the view taken Hughlings Jackson, 
that the cerebellum acts reinforcing organ for the function 
gait and station represented the mesencephalon, independently fron 
the pyramidal tracts. his experiments, 
that the co-ordinated running about movements induced stimulation 
the lenticular nucleus are not interfered with section 
tracts. 

Further the experiments Probst 123 
that the tracts have little influence locomotion 
quadruped 

The readjustment the normal position plane vertical the 
long axis the animal requires instantaneous activity 
ares. that the tonic influence the cerebellum Luciani 
virtue its relationship with the vestibular and imp 
(Jelgersma, Lewandowsky, and doctrine) indispensal 
factor Its absence cerebellar disease has lately been clea 
strated adiadokokinesis. Thomas and Cajal 
insist that the reflex arrangement, which brings about 


the mupensat VN movements that ensure the maintenance of tl 


equilibrium during any movement, lepends 
Bolk and van Rynberk think, this function has 


localization the cerebellar lobes uncertain, but 

probable, since the afferent tracts are not spread over the 
entire organ. Magnus and labyrinthine reflexes depend 
probably exclusively our peripheral ares, which, virtue 
the section the mid-brain, have certain amount 


autonomy. 


' Tt sal very interesting t not t fa rded lag 
Kleyn that rotation the head influen retlexly extren 
hand, apparent 
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movements the two are demonstrated. the innermost 


segment lies the finely granular tractus and the 
coarsely granular tractus interstitio-spinalis. 


longitudinal bundle formation consists exclusively centripetal tracts 


The rest the posterior 
which ascend from Deiters’ complex. The ascending fibres lying the 
posterior longitudinal bundle are arranged the following manner 
out: First 


from within crossed tract which ascends from the 


The tractus vestibulo- 
tract 
lateral part the posterior longi- 


which ascends from nucleus. 


raet 


proper, lies the 
tudinal bundle, whil 


ascending 


nucleus most 
tractus vestibulo-tegmentalis medialis, possibly 
originating from the ramus descendens, supposed lie mesial 
Generally speaking, therefore, the centrifugal fibres lie the cat 
Next order 


the inner margin the longitudinal bundle. 


dd fil 


poste 


the and then the homolateral fibres (this agrees with 


findings birds 


The bulk the fibres the posterior 


bundle formation, oral the vestibular complex, there- 
fore composed tracts carrying centripetal impulses associated with 
motion the planes Since the 


ntrifugal tracts which participate the posterior longitudinal bundle 
formation appear equally associated with locomotion 


and others, that the posterior longitudinal 


lanes, the supposition advanced Cajal, Spitzer 


brain-stem and medulla is primarily associated 


vith reflex locomotion in thes« plane S, togethe r with allied colmpen- 


itory movements necessary for equilibration, seems justifiable 

The only nerves which besides the vestibular have important 
eflex action this system are the optic and acoustic (less 
nerves; all three are situated orally the vestibular complex 
not surprising, therefore, that, the researches Wallenberg, 


Probst, and have shown, there are 


probably 


below the vestibular complex all 


When the results lesions made the posterior longi- 


formation from the vestibular complex the posterior 


are considered from the physiological standpoint, two facts 


It will | nasubsequent paper, that tl forced movements in plane vertical 


tral median nu ) ascend- 


a 

bundle formation the 

| 
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the longitudinal ax f tl anima h as staggering and tumbling, are al nt od J 
y similar nucl und ucts. Wall er basal olfactory bundle and its fibre ning the " 
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become evident First, the forced movements caused by ascending 
degeneration the vestibulo-mesencephalic 


tracts are correspondingly shorter duration the the lesion 


the posterior matter fact, has also been noted 


those seen after lesion of the poste longitudinal bundie tormat 


eC} 
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observations lower animals that these simpler creatures 
the ascending vestibular system stops shore in the mesence}] lon ; where, as i 


the higher ones, the superimposed retlex centres are linked newly acquired 


neurons the striate body, thalamus (Ariens Kappers [3] 


Hence in reptiles ablation of a cerebral hemisphe e causes no circus movement 


ind far less pronounced character than those occurring after lesion 
f the vestibular ¢ mples 
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ARTICLES AND 


ORIGINAL 


and positions, observed after similar lesions, remarked, would 
course with the slight knowledge before us, attempt 


explanation these Probst’s similar 


advance has been made recent vears our knowledge 


the minute anatomy the brain, thanks the London, Vienna, 
Paris, Frankfort, Madrid and schools anatomy, 


ascertain some details the anatomical structure both 


and superimposed vestibular reflex arcs. peripheral ares 


either side may deal with the compensatory movements both the hori- 


zontal plane and the plane vertical the long axis. Ascending fibres 


pass from those double systems the mesencephalic hypothalamic 


nuclei. The arrangement the fibres, moreover, which pass those 


nuclei from the posterior the cerebral hemisphere 


such that lesion the nuclei, the region immediately oral and 


lateral them, followed change the direction the forced 


movements. 


The question now arises, have anatomical knowledge 


trace out accurately the course these secondary vestibular 


into the mesencephalic must frankly admitted that 


the present methods for staining medullated are inadequate 


the case rolline movements even more difficult demon- 


strate than for circus movements. the 


schematic drawing appended the vestibulo-mesencephalic tracts, which 


control the movements centripetally, terminate near the posterior 


nucleus. far, trace the vestibulo-tegmental 


tract its nodular point have failed, although the nucleus inter- 


stitialis has been demonstrated, far this physiologically seems 


possible, controlling the rolling movements must. 


however, remembered that the Marchi method, which 


mvelinated nerve-fibres 


only ettective with 


1 order to ulge by ins of a method that brings the non-meduilated 


] + +) + 
-fibres to evidence, about ne al ol the commissural 


Mec. 


fully examined frontal 


post. and nue. interstitialis), have, with Dr. Bok, 
sagittal sections through chicks’ brains, 
i Personally 1 feel particularly indebted to Dr. Ari Kappers for his permission ust 
4 lis private anatomical libran and that of the Dutch Central Brain Institute, and to Prof. 
; C. Winkler, and also Dr. van Valkenburg, for having e than ice | 1 in m , 
and all them for having given useful suggest 
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that the majority neurites descend into the posterior longitudinal bundle, 
besides that found not rarely the axons take towards and 
into the posterior commissure (ventral division). saw axons take 
oral direction, but convinced ourselves that the dendrites good number 
cells nuc. posterioris are directed towards the oral and 
ventral parts. This suggests accepting the theory, defended Tretjakoff and 
other anatomists, that the dendrites grow out towards the side which the 


mpulses arrive —that good number centrifugal striatal 


n the chick at least that innervate the nuclei in question 


the mesencephalic themselves 


anatomical details 
must refer the masterly description given Ramon Cajal 


und the work Dejerine who considers that they belong 
the ganglia the central grey matter. own investigations 


have found, even selachians, the characteristic large cells the 


interstitial nucleus which spread over large area, and the mor 
lefinitely localized small-cell nucleus the posterior commissure. 
next the consideration the physiological significance 
the parts oral those nuclei, tind that must confine ourselves 
the higher vertebrates. since only this class does lesion the 
mesencephalic and the tracts cephalic them cause forced 


movements at all, the direction of the movement being Opposite to 
with unilateral lesion the longitudinal 
this connexion interesting that all authors are 
and and birds, ablation one cerebral hemi- 
here not associated with the development forced movements 
own experiments, which deal particularly with cats, are complet 
lesion followed movements which continue for any length 
time. lesion the deeper parts, such the striate body the 

parts the thalamus, however, followed circus movements, 
ind conjugate deviation the eveballs towards the side the lesion 
This condition may persist for longer period. interesting not 
that the circus movement towards the side the lesion 
rotation round the bodily axis towards the 
This fact was also noted Prévost 122 
examination own material tind these cases strand 
degenerated nerve fibres, which runs latero-median slightly 


rior direction through the external 


spreads out the field Forel, and disappears near the frontal part 


the red nucleus (figs. and 


4 
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Fig. 15a. Region of the lesior 


striate body. 
Magnified porti 
lamina medullaris externa. 
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e left side 
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This strand fibres lies therefore the same region which 
fibres disappear after lesion the lateral parts the optic thalamus. 
The first question now where those fibres to? 
lab reported the case rhesus, where the lesion lay 
the external medullary lamina, and which*showed similar strand 
degenerated nerve-fibres. This author believes that those fibres 
terminate the red nucleus. From the evidence already discussed, 
seems more probable that they terminate the nucleus the 
posterior and, from experiments, possibly 
the interstitial nucleus the opposite side. view further 
supported another case reported Sachs which the lesion was 
the Forel; the same bundle fibres was degenerated, 
while some fibres the longitudinal bundle the same sid 
also showed degeneration, proving that the interstitial nucleus (at least 
from which the posterior longitudinal bundle fibres originate) was 
nvolved the lesion 
the present time conclusive evidence this point has been 
furnished our experiments. the same time make the suggestion 
that their origin lies either the globus pallidus the putamen 
This theory suggested the fact that none cases lesion 
involving the cortex alone were these found degenerated, but 
when the deeper parts such the striate body the lateral parts 
the thalamus were involved further supported the work 
Sachs who succeeded tracing thalamo-fugal tract, lying 
the same tuation and the same course, from the external 
medullary lamina the globus pallidus. The data afforded the 


pathological cases discussed Chapter VII, together 


inatomical data supplied Bechterew Ariens 


ind Vries seem also support this theory. 

the physiological significance this bundle the exper 
sense. ‘They tend prove that faradic stimulation the posterior 


the lateral nucleus that the region the 
neighbourhood the external medullary lamina, causes deviation 
head and eves to the Opposite side My\ obse rvation quite fits in here 


Section the bundle causes circus movements and conjugate deviation 


wah 
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to the side of the lesion. Turning to the records viven by othe 
workers find arguments against view the cases given 
Probst and Roussy The older work Monakow 104 

since the brains were not examined the Marchi method. some 
the older work Ferrier and Yeo dealing with suboccipital 
lesions, and one and experiments 142, Case 

observations movements occurring after lesion the region 
under discussion are recorded. These movements consisted of conjugate 
deviation the side the lesion, falling one side, rotation 
head towards the uninjured side. 

now interesting see whether the old ablation 
stimulation experiments, carried out when anatomical 
knowledge had not been arrived at, serve confirm the views 
put forward this paper. The experiments Adamuk and 
Topolanski are extremely interesting since the gross resections 
the brain-substance indicate fairly that our 
medullary and interstitio-spinal tracts, and also the ascending fibres 
the posterior longitudinal bundle, are the elements the destruction 
which destrovs the co-ordinated ocular movements induced 
stimulation the brain-stem. 

easily were those movements elicited even with slight currents 
that Knoll suggested that good many the results 
stimulation experiments the cerebral cortex really 
current loops Mott, and Sherrington, will 
recalled that Ferrier Horsley Beevor and 
Vogt successfully elicited conjugate deviation the head and 
stimulation over large frontal area, while Bernheimer anc 
Levinsohn got the same results stimulating other areas 

From the clinical point view Landouzy and Grasset 
ago pointed out that disease the hemisphere conjugate deviation 
the head and towards the lesion due the paralysis thos: 
structures which faradic stimulation cause conjugate deviation towards 
the opposite sid Whether the voluntary impulses from the 
cortex, Which are associated with forced movements conjugated 
movements the eveballs, are all times transmitted through the 
Chapter and this chapter, must the meantime remain 
open question. may be, however, admitted that the results Munk 

and support this suggestion the 
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light our results, seems probable that Bernheimer 
right believing that these impulses must travel 
situated the ventral side the sylvian aqueduct. 

experiments, taken conjunction with those Horsley and 
Sachs, lead the supposition that the inner portion the lenticular 
nucleus and its connexions with the nuclei the posterior 
are associated particularly with the conjugate deviation the head and 
towards the side the lesion the case destruction, and 
towards the other side with electrical stimulation. Also Ferrier 
found the genu the striate body centre, electrical stimulation 
which caused conjugate deviation from the side stimulation 

Clinical and anatomical observations also tend corroborate this 
view. his interesting article dealing with series 
anatomical lesions the cerebral hemisphere man which had 
caused conjugate deviation during life, the lentiform nucleus, 
claustrum, internal capsule, optic thalamus, and caudate nucleus 
most frequently and Broadbent had made 
similar remarks before. also found that one the first 
tracts become medullated that which connects the region 
the red nucleus with the globus pallidus. 

All this independent evidence seems urge the necessity for 


influx and the conjugate deviation the head and eyes, from the newly 


CHAPTER VII DEVIATION AND AND 


The physiological analysis the posterior longitudinal bundle 
formation has undoubtedly bearing the clinical problem, 
venerally, and particularly pontine disease involving the sixth nucleus 
Unless the physiological analysis this formation taken into con- 
sideration impossible explain the additional conjugate deviation 
the heterolateral rectus internus, with the rectus externus the 


Bruce Bischoff, Spitzer and others, accept the view that 
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the nervous influx for the lateral movement both eves descends 
the sixth nucleus and ascends the third nucleus; they also consider 
that there recrossing the pyramidal dealing with this 
movement 

Many authors have felt the difficulty accepting this somewhat 
improbable supposition, for which there further anatomical basis. 
If, however, the forced movements the horizonal plane and the closely 
associated conjugate deviation the same plane carefully considered 
the light the above data, evident that there need fall 
this theory 

full discussion this subject will reserved for com- 
munication, but may said here that, after careful 
hardly case found where there not lesion the 
nucleus 


this conjugate deviation head and eves pontine diseases the non- 


normal side, seen after one-sided lesion the posterior 


bundle formation between nucleus and the posterior 


quite natural that primates this forced movement, with 
conjugate deviation the head and eves, associated with pontine lesion 
toa greater extent under the power the will than inthe case the 
vertebrates, more less continuous beine made 
movement with deviation one sid 
any case never amounts more than slight circus movement, 
such seen cats Just before the disappears, which passes, 
leaving tendency conjugate deviation the head and Even 
conjugate deviation overcome primates with certain case 


that Munk Ferrier and Yeo, also Hunnius and Bernheimer, 
rightly insist that unwillingness look one side must looked 
for the Indeed, circus movement 
deviation the eveballs the horizontal plane, e.g., the right 
side, and unwillingness look the left side, are all ditferent 
degrees the same fundamental phenomenon therefore not 
surprising find the heterolateral eyeball pontine disease 


man deviated inward, since lesion the eminentia teres and the 
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sixth nucleus virtue its vicinity the posterior longitudinal 
bundle involves this bundle also. this connexion the recorded 
Rickards Wiersma Bristowe Byrom Bramwell 

only eases pontine tumour with involvement the 
bundle, but the sixth nerve, that 


the internal rectus muscle of the other side may be Cape cted to act 


Bennet and Savill others 


case has long been regarded, the German 


proof that man the angular gyrus special centre for this 
deviation. this centre has been supposed 
conjugate deviation towards the side the lesion, while irritation the 
centre rds ther side This theory 
\ t! a ( ! te dey hn to Opposite side 


| ( | \ ! n tl superimposed vestibular retlex ares 
ids the nelusion there considerable doubt 


case the third zone the lenticular nucleus 


striat I \ nt I e I I discarded a centre ih connexion 
With Wi orate ce ition arises 

never, experience, been associated with conjugate deviation, nor, 


result timulation for several reasons, alread) pointed 
therefore, seems that the localizing value the hemispheral 
njugate deviation must remain the same time, 
think that the ocular svmptoms which occur like No. 
Opp series where the lenticular nucleus involved, 
are worthy considerable attention. If, addition paralysis 
the nucleus the one side, there are indications 
paresis the internal rectus muscle the opposite side, when 
both are brought into action simultaneously, the condition 


q 


a 
was involved well the cortex the angular This part 
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ware, have Horslev, Krause Cushing recorded this 
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the opposite side. must not regarded secondary pressure 

interesting note how clinical observations, quite apart from 
physiological research, have led the appreciation the fact that 
destructive lesion the cerebral and optic thalamus 
associated with conjugate deviation the side the lesion, and that 
similar unilateral lesion the pontine region causes the same 
deviation from the side the lesion. 


Long ago Grasset and stated, Dans les 


1894, considers impossible localize this reversal point.” 

doubt but that this point situated the posterior com- 
probably the nucleus, both man and the lower type 
mammal the cat 

The question the exact topographical distribution 
deviation the frontal and occipital regions dealt with 
Schiifer, Horslev, Marina and that which discussed 
controversy between Luciani other workers, seems 
be, after what has been said above, only secondary interest 
Regarding cerebellar disease, recall the dealt with 
Chapter that forced movements were never associated with 
involving lesions the cerebellar cortex, the 


nucleus 


The question which Bonnier Launois, Chéze and others have 


can recognized pontine disease, also lies outside this 

quite evident from what has been said regarding forced move- 
ments quadrupeds that very careful distinction must made man 
between deviation the horizontal plane and falling 
regards the latter phenomenon seems certain, from the work 
Marburg that besides the falling movements towards the medullary 
lesion the same movement towards the normal side not infrequently 
observed. This latter condition agreement with the results got 
experiments the ramus descendens the vestibular nucleus 
For the most recent observations this subject must refer the 
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and the case thrombosis the posterior inferior cerebellar artery 
recorded Goldstein and Baum seems, however, the 
general rule man, the cat, that lesion the vestibular nerve- 
roots and the more oral parts Deiters’ complex are associated with 
falling the side the lesion. phenomenon falling the 
side must specially examined man since the erect posture makes 
impossible bring quite into line with the condition 
quadrupeds, where minor degree the rolling 
movements 

forms nystagmus found associated with lesion the hind-brain which 
have been confirmed and extended there can 
doubt but that the mechanism such cases complicated that 


described for the movements, and that the two mechanisms are 


closely will merely recall that some authors (Marburg and 
believe that the rapid and slow jerk seen vestibular nystag- 
have localization 

experiments the slow jerk the nystagmus accompanying 
the forced movements and forced position the always took 
the same direction that which the eveballs were 
lesions nucleus and the homolateral vestibulo-mesen- 
cephalic 1 act it the posterior | neitudinal bundle, the slow jerk ot the 
horizontal nystagmus directed towards the uninjured the 
lesion situated the right vestibular root and the Deiters’ 
nucleus proper then the slow jerk the associated with 
this condition, accentuated the already existing divergent squint, the 
right eve being directed downwards, the left eye upwards. these 
facts justify deducing diagnostic points for use localizing the 
lesion cases one-sided nystagmus present, but where, 
not infrequently the case subtentorial lesions, forced movemerts 
conjugate deviation are both absent? seems that this 
point worthy further consideration, but own experience furnishes 
conclusive evidence the question. 

Generally speaking, this anatomical and physiological research tends 
show the importance accurate clinical observation even 
defects the co-ordinated ocular movements brain disease. Some 
these -esions and their accompanying symptoms are follows: 
lesion anywhere from the descending ramus the eighth nerve 
the striate body liable cause certain disturbances. man these 


disturbances are more commonly the horizontal plane, and are 
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present little understood that only rough outline can given 
the pathological conditions which possibly induce the symptoms. 

destructive lesion the posterior longitudinal bundle the right 
side the brain between the vestibular region and 
liable cause conjugate deviation the head and eves 


{ 


to the left side, or else iIncomple te lateral deviation to the right side. lt 


there conjugate deviation head and eyes the left side, and 
irritative lesion, cephalad the posterior commissure probabl 
(eventually convulsions muscles the left side), the irritative 


mav localized the thalamus and body the right sid 


this symptom occur when the lesion oral the posterior 


downwards, left eve upwards eith rrently 
conjugate deviation the head and eves, there tendency 
fall or | aqown on the side, 1 thie luted int 
the lateral part the posterior longitudinal 

this present where diseas cep the 
posterior then, finding 

de structive les sltuate Wn the vestil Lia ere llar 

and there appears deviation the head and side, 
instance the left, deal either with conjugate deviation 


horizontal pla 
movement the right for the 


squint (left eve down, right up) tendency down 


ments the right Since unilateral cerebellar disease very 
the vestibular nerve and Deiters’ nucleus, clear 


nerve involved that one likely get exceptions this rule. 
After what has been said, need hardly pointed out that Bruns 
cussed, unless the above observations taken into considerat 
examining for ocular deviation the voluntary and automatic 
deviation the eveballs must tested 166 


states that Tiling long ago pointed out that retlex deviation, such 


side. only cases where the ramus descendens the eighth 


If the sVinptom ol ndie-Hertwig s right eve directed 
deviation, will enable diagnose condition allied rolling move- 
3 lv a tendenev to le down on the diseased 
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seen when moving object followed the eyes, may 
demonstrated while voluntary lateral deviation lacking. Bielschowsky 
further emphasized the importance this fact routine examina- 
tion. The Vorbeize cerebellar disease observed 
may, think, due entirely involvement the vesti- 
bular structures. The fact that horizontal nystagmus never accom- 
tendency fall one side quite readily understood 


the mechanism the two types forced movements taken 


) ) 
The observation that large percentage deaf people not 
from dizziness, noted James and Wreidl, and further, that very 
a ont thace ‘t functionin 4 


render extremely probable that the 


vertebrates which necessary, according Mulder, Nagel Hering 
and Bielschowsky, for the localizing the visual field the same part 
the two all changing positions the head, probably 
also vestibular reflex the innate tendency fuse the two 


visual fields, even when anatomical nervous defects exist, also plays 


important part. The work Marina this subject worthy 


The very delicate muscular adjustment the eyeballs the higher 


d 
4 
and Bielschowsk have investigated the question the retlex 
idjustment the eves vertical and other directions 
4 1] | 
lependent normal these mechanisms and then 
the posterior longitudinal Cajal, 40,1, 728). 
Inthe has been shown that the retlex adjustment 
the ball the otolithe organ this animal predominantly homo- 
lateral this reflex the pupillary slit maintained the horizontal position 
n } ctically : the positions assumed by the body. \ similar condition 7 
t t t t } ] 1] > | ld | 
ens eXIs py On, ere Iso Ne sit is neia ci 
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SUMMARY. 


reviewing this physiological analysis the vestibulary 
and the posterior longitudinal bundle formation, certain facts, both 
physiological and anatomical, stand out clearly, while other points can 
only considered suggestions probabilities. 

(1) The study the physiological phenomena observed after lesions 
different parts this system demonstrates that there 
the nerve Further, also shows that the different 
strands fibres which connect the vestibular nuclei with the various 
nuclei the mid-brain and with the region the posterior commissure 
cerebro-petal direction may more accurately analysed 

(2) The principal vestibular are the following: The 
descending branch nucleus: Deiters’ nucleus 
composed ventral caudal division, named the nucleus triangularis, 


} 


nucleus with the nucleus tecti 

lishing the existence important differences the ascending and 
descending connexions the above-mentioned nuclei, and establishing 
equally important differences the functions the nucle 

(4) The starting point this analysis the fact that ascending 
degeneration the crossed vestibulo-mesencephalic bundle, which 
the bulk the mesial part the posterior longitudinal 
near the nucleus the posterior commissure, always found associated 
with circus movements the side the intact posterior longitudinal 
bundle. This rule holds good long the lesion leaves the 
parts the vestibular svstems intact. immaterial whether the 
degeneration this vestibulo-mesencephalic tract the result 
cross section the median part the posterior longitudinal bundle, 
lesion the heterolateral Deiters’ nucleus. 
evidence tends show that the complex the nucleus 
triangularis the principal origin this tract (fasciculus vestibulo- 
mesencephalicus cruciatus). 

(5) The degeneration ascending tract lying immediately 
lateral the crossed vestibulo-mesencephalic tract 
longitudinal bundle formation appears equally associated with 
circus movement (or rather conjugate deviation) the side the 
normal posterior longitudinal bundie. This tract further shown 
homolateral tract originating exclusively the nucleus Bechterew, 
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least the oral parts the vestibular region, and terminating 
the region the posterior commissural nucleus. This bundle may 
the homolateral fasciculus. 

This tract only partially identical with that described 
the lateral part the posterior longitudinal bundle (fasciculus Deiters’ 
Lewandowsky, Winkler consisted fibres, ascending 
from origin, for this limited portion least 
the posterior longitudinal bundle, may now held 
may also the association its upward degeneration with circus 
movements conjugate deviation the normal side. 

Both the movements observed after lesion the homolateral 
crossed vestibulo-mesencephalic tracts are assuciated with conjugate 
deviation the head and eyes the side the movement, with 
loss lateral deviation the eyeballs the opposite side 

(6) Aecording the notions advanced Duval, Bleuler, 
Bischoff, Spitzer, Fraser, Wallenberg, 
Wiersma, and others, the posterior longitudinal bundle represents 
combination ascending and descending tracts, which control the 
co-ordinated movements the head, and trunk, and control 
direct the the equilibrium motion. from 
experimental data furnished the present investigation, seen that 
direct lesion the region the posterior commissure the 
cat one side, where the resulting circus movements were directed 


the side the lesion, descending tract degenerates which lies 


the innermost part the posterior longitudinal bundle the same 
side. probably originates the posterior commissural 
nucleus. stops short the medulla suggested that may 


termed the fasciculus 108 


(7) Although probable that this mesencephalo-medullary tract 
exists all the higher organized vertebrates such 
teleosteans, amphibians, reptiles, birds and only 
the that destructive lesion the nucleus and its efferent 
tracts from the striate body associated with circus towards 
the side the lesion. the lower animals lesicn oral the 
posterior not followed any circus 

The anatomical explanation this fact seems that only 
are the hypothalamic and commissural 
connected with the prosencephalon that section the connexions 


should followed locomotion, evidenced circus 


“og 
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movements and conjugate deviation towards the side 
areas the cortex followed conjugate deviation the head and 
eves towards the opposite side. Birds seem form this respect 
group between the reptiles and mammals. the prosencephalon 
the bird area, faradization which associated with conjugate 


The 


however, associa 


deviation towards the opposite side and 


section the connexions this area not, 
any alteration the mode regards 


where, lesion the thalamus and cerebral hemisphere, circus 


movements towards the side the (destructive) lesion were observed 
over longer period, was found that there was tract degenerated 
fibres the lamina medullaris externa. These fibres, bly 
emanate from the striate by dv. pass to he | thalamic re O1O! Wi 
they lose their medullary sheaths The termination these fibre 
probably the nucleus the posterior commissure, can, therefore, not 
panied conjugate deviation towards the side destructive lesion, 
less pronounced cases loss lateral deviation the other side. 
Like the cireus movements the rolling movements 
guide working out the anatomo-physiological ana 


vestibular complex and the posterior longitudinal bundle forn 

form the vestibular root, rolling movement towards the 
side constantly observed, mostly associated with skew deviation and 
conjugate rotation the around their antero-posterior axis. 
only one case (rabbit, lesion the caudal part the 
root) were rolling movements towards the non-injured side observed. 

(10) three branch the 


nucleus vestibularis rolline movements towards the 


lesion the descending 
normal side wert 
seen lasting over several days. Although this experiment was repeated 
several times, failed localize any distinct ascending descending 
connexions from this part Deiters’ complex. 

found cases 


associated with rolling movements, moderate character, towards 


the side the lesion. From this nucleus the degeneration spreads 
upwards along tract which lies the outermost part the lateral 
horn the posterior longitudinal bundle. lesion this 
ascending tract connexion also associated with tendency roll 


towards the side the lesion. This was demonstrated tive 


hose Cases cats), 
J 
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The fibres this tract appear end mostly the although 
some may traced the caudal part the posterior commissure, 
the fibres appear lose their medullary therefore suggested 
that should styled the tractus vestibulo-tegmentalis 
origin apparently the medium-sized cells Deiters’ nucleus proper, 
its termination probably the interstitial nucleus. 

comparison the cases where the lesion situated the 
region the posterior commissure leads postulate that region 
centre, probably the nucleus interstitialis, injury which (or its 
afferent tracts from other parts) the cat constantly 


movements the normal side. The existence descending 


tract the innermost section the posterior longi- 
tudinal bundle these cases which rolling movements or, less 
pronounced cases, fall the normal side are observed 
lovical combined with the method 
does regards the tracts from 


complex the posterior longitudinal bundle formation the 


pin partly ine to ti rreoulai form the ( leetion 
which give rise ponto- reticulo-spinal tracts 
that descending fibres the posterio 
lonvitudinal bundle not come from nucleus, although 
descending homolateral fibres are off from both Deiters’ and 


vas not all cases possible decide from what cells the heterolateral 

ictures which control the circus and rolling movements and those 
the superimposed mesencephalic compared, the con- 
clusion seems warranted that the descending connexions are far more 

iportant the case the rolling movements Relatively few 
descending fibres which originate the structures associated with 


circus movements pass beyond the sixth nucleus. 
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lenticularis via Forel’s field, nucleus ruber. 
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THE exact nature and function the large mass basal 
known the corpus striatum have hitherto constituted, 


that the corpus striatum has failed attract the attention 


wMatomist, 
physiologist and the contrary, since the days Willis, 
has received its full share investigation along all the 

The disturbing element the matter research into its functions has 
been the conflicting nature the results obtained. who will 
take the trouble read the curiously text-books 
century ago would imagine, true, that the corpus striatum was 
organ high the cerebral hierarchy the cortex itself, endowed 
with motor functions elaborate and detailed. But took 
place when neurologists realized that many the functions assigned 
were the property the adjacent cortico-spinal paths, and almost 
once scemed fall from its high estate and depreciate 
physiological significance. Under these circumstances the question 
its became enigma, and, consequence, there 
was eventually assigned varied assortment motor, sensory, 
vasomotor, psychical and reflex functions, one which, safe 
say, has ever rested prove the truth 
this statement only necessary quote from such acknowledged 
authorities Monakow, Bechterew and Edinger. 1905 


Monakow wrote Trotzdem seit Jahren zahlreiche Forscher 


7 
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bemiiht sind, die klinischen Folgen von Lisionen Gebiet des Streifen- 
hiigels und des Linsenkerns erforschen, und obwohl die Zahl von 
Beobachtungen Herde jenen Hirnteilen eine ganz 
stattliche ist doch Herde verschiedener Natur und Ausdehnung 
wir heute ebensowenig wie vor Jahren Nothnagel imstande, sichere 
Kennzeichen einer Herderkrankung den genannten Hirnteilen aufzu- 


‘ 


tionellen Zustiinde des Schweifkerns und des Linsenkerns, welche seit 
werden, sind gegenwiirtig einer endgiiltigen Aufhellung noch immer 
nicht erschlossen. Uber die Bedeutung dieser Gebilde gehen die Mein- 
ungen der Autoren, welche sich dariiber haben, vielmehr noch 
sehr weit ago than 1911, Edinger wrote 
gibt kaum einen Punkt, der sehr beweist wie weit bisher noch 
unsere zuriick ist, als der Umstand dass wir bis 
heute weder von den des Corpus striatum noch von den 
etwas wissen, die eintreten, wenn oder wenn 
wird. ist ein Hirnteil, der von enormer Bedeutung 
sein muss, sonst wiire nicht von den aufwiirts vorhanden, 
ein Hirnteil der bei den die Hauptmasse des ganzen Gross- 
hirnes ausmacht, zudem ein Gebilde, dem ausserordentlich oft beim 
Krankheitsherde gefunden werden und doch hat niemals 
mand ein entdeckt, das von ihm ausgeht.” 

Within the last two three however, the clinico-pathological 
method, which owe some the greatest discoveries neurology, 
has furnished evidence which goes far towards clearing away the 
that has surrounded the subject, and the same time has 
enabled reach truer interpretation the data 
experimental research the corpus striatum, while has also indicated 
the lines along which further experimentation must 
has often happened before, once insight gained inte the function 
nervous organ, much that has hitherto seemed inexplicable becomes 
plain, and with notable rapidity further data are collected which bear 
out the new view. Already, the last two, the 
corpus striatum has been enunciated which, however much may come 
modified, shows every sign being corroborated each accession 
fresh evidence, and any case can fairly regarded furnishing the 
closest approximation the exact mode working that important 
structure which has the present been reached. 
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CHAPTER I.—HISTORICAN. 


The vicissitudes through which the corpus striatum 
constitute interesting chapter cerebral physiology, affording 
excellent illustration the methods procedure early experimenters, 
and throwing valuable sidelight the stages whereby our present 
knowledge the working the encephalon has been attained 

1667, Thomas Willis the corpora striata 
which the cerebrum coheres with the medulla oblongata,” and 
account their peculiar structure attached such importance them 


position of high signiticanee thus assigned them by the earliest invest 
gators—an inevitable consequence when remember their prominent 
i 

appearance have never really declined. 


book which showed insight into cerebi 

the corpus striatum attached much importance. 
roval road the sensations the body the soul through the 
corpora striata, and all determinations the will also descend that 
That organ Merew the Olympus nnounces 
the soul what happening the body, and bears the mandate 

soul the translate his somewhat figurative 
into present-day terminology, clear that had con 
ception atferent and efferent paths far advance his time, even 
though but the result lucky guess his part, and that 
suppose included the optic thalamus the corpora striata, whicl 


lie immediately under and most immediately subject the court 
the anterior (superior) regions the thereby developed 
theory the function the basal ganglia relation the cortex 
Which has been almost universally held and even not without its 
bearing the problem before us. 


the beginning last century Burdach showed that 


the outer aspect the lenticular nucleus was unconnected with the 


the external capsule and held that the appearances suggested 
that the tibres that nucleus did not the cortex. concluded 
that the basal ganglia are sense intermediate between 
the brain-stem and the cortex, controlling the one and being subsidiary 
the other. 

Apparently the earliest definite experiments the corpus striatum 


were those conducted about the year 1820, Flourens who failed 
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par tranches successives, sur lapin, les corps les couches 
optiques: nulle agitation cette double 
failed also, somewhat curiously, obtain any movements stimulation 
the cortex, and declared that hemisphéres cérébraux 
point susceptibles des contractions muscu- 
aires.” 
however obtained diametrically opposed 
results. mechanical stimulation the nucleus caudatus with 
needle was unable elicit movement. Voici ventricule latéral 
parait fond pique corps avec une aiguille 
ésultats sont toujours négatifs.” the corpus striatum 
both sides, however, the same obtained 
stated that the majority his experiments were Ainsi, 
par exemple, vais couper extraire les corps striés: vous allez voir 
animal courir avant comme emporté par une impulsion 
vient effet partir comme trait: suis obligé retenir, 
ens des deux corps rien encore dans 


herche fun veux pas laisser libre, car briser 


Magendie was the opinion that movements forward direction 
were under the the cerebellum, while backward 
vere controlled the corpus striatum: if, therefore, the latter 
lestroyed, the animal should run forward, owing uncontrolled action 
cerebellum. certain from the technique Magendie that 


the white matter adjoining the corpus was implicated the 


lesions, and their value thereby discounted 


(1842) dismissed the theory held Willis one 
thout any foundation, but admitted his inability advance another 
erebral hemispheres and then the corpora striata, but failed obtain 
Magendie’s results, and concluded that “la force 
jue Magendie place dans les corps striés est une force purement 


a 
‘ q 
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found that these structures were quite inexcitable. 


les animaux vivants les corps semblent complétement 
insensibles aux irritants mécaniques: ils peuvent dilacérés sans 
ait manifestation d’aucun signe douleur, sans que moindre con- 
traction musculaire survienne. fonctions spéciales des corps 
restent encore 

Meanwhile Julius Budge (1840) was obtaining still other result 


the somewhat crude methods have been opened 
the skull young dog who had just been killed, and few minutes 
completely exposed the whole brain. the same time assistant 
had opened the abdominal cavity and laid out the intestines. cut 
away the cerebral hemispheres, raised the corpus callosum, and 
irritated with sharp needle the optic thalami, corpora 
and striata, one after the The stimulating the corpora 
striata and quadrigemina increased the motions the intestines 
time. When the peristaltic motion had completely ceased, could 
reproduce again stimulating these organs. This continued 
the case for scarcely five minutes, and then the 
entirely Thus proved that the nervous principle 
the motion the intestinal canal seated the brain: nay, the spot 
accurately determined from which proceeds, rather, 
the nerves the canal are concentrated. The central organ the 
motion the stomach was also shown experiments: 
right corpus 

Magendie’s views received some support from subsequent invest 
gators, among whom may mentioned Beaunis 
Fournié made injections chloride zine into the caudate nucleus 
(dogs), obtained strong progression movements, and concluded 
the corpus striatum were excitable centres 
peripheralwards for the carrying out voluntary 
injections soda, liquor sesquichlorati, and 
ammonia carmine, and also obtained forced movements (rabbits), but 
the crudity these experimental sufticiently obvious 

Nothnagel emploved fine needle, rather syringe, wherewith 
inject minute quantities pure chromic acid into the caudate. 
particular spot that ganglion, dignified him with the name the 
stimulation this sort always produced violent 
forward movements the rabbits which experimented. 


read the orig:nal description, however, note that was only 


q 
q 
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interval from ten minutes that the animal schliesslich 
ein wildes zum Teil mit Manégebewegungen und 
Anprallen Wande, u.s.w., The localizing value the 
results clearly infinitesimal. stimulation the lenticular nucleus 
ifter similar fashion, especially its anterior and middle parts, 
obtained bending the trunk with the concavity the side the 
lesion. therefore endeavoured distinguish between the caudate 
ind the lenticvlar nuclei, placing in the former a centre for combined 
movements conditioned psychical stimuli, and the latter centre 
for individual movements. 
might supposed that the era inexact experimentation would 
have passed whenever the method electrical stimuiation came into 
vogue. Such, however, first, was far from being the case. 1870 
Hitzig stimulated the lenticular nucleus special instrument 
through the frontal fissure, and obtained powerful 
ntractions the contralateral muscles, but possibility 
Sanderson adopted the simple expedient dropping 
needle vertically from the surface the cortex and found reached 
the corpus striatum its posterior part depth some 
movements stimulation this point (cats), 


concluded From these facts appears that the 


uperticial convolutions not contain organs which are essential 
the production the combinations muscular movements 
They further make probable that the doctrines hitherto 

‘cepted physiologists, that the centres for such movements are 
found the masses grey matter which are found 

and outer wall each lateral ventricle, are 

was 1876 that Ferrier published his well-known book, 
The Funetions the Brain,’ which contains much interest 
for our subject, and enables appreciate the way which 

rpus striatum was that time generally regarded. One two 
may given 

“The results (electrical) stimulation the corpora striata 
cats, dogs, jackals and rabbits are uniform 
heing generalized together. 

the corpus striatum causes general muscular contrac- 
tion on the opposite side of the b dy, The head and body are strongly 


Hexed 


‘ 


the opposite side, that the head and tail become approxi- 


the facial muscles being state tonic contraction, and 


a 
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the limbs maintained flexed condition. Apparently the individual 
excited from the various regions the hemisphere are all 
thrown into action simultaneously, the flexors predominating over the 
extensor 

The same author, may remarked, makes the express statement 
that differentiated movements are not capable being 
excited application the electrodes directly the corpus 
The general conclusion come that “in the corpus there 
would thus appear integration the centres which 
the The same view expressed again 
other sections the book. Thus: The motor combinations 
integrated the corpus striatum are again differentiated the cerebral 

Now, this epoch clinicians generally had been convinced 
that the corpus striatum was motor organ, and between 
lisease that ganglion and disease the pyramidal paths was not 
fact the anatomical conceptions holding sway that 
time were all for regarding the corpus striatum actual station 
the path between cortex 1866, for instance, Broadbent 
said that the motor nuclei the cord fibres descend the antero- 
lateral white columns from the corpus striatum, decussating the point 
the hardly necessary point out that this view 
assumes that the pyramidal paths issue directly 
The same assumption made all the writings 
the period, and occurs again and again records and 
other cases. 


rrier endeavoured 


Although apparently attached this opinion, 
separate the function the cortex from that the basal ganglia 
states that the various physiological and pathological data which 
have been advanced show that destruction the corpus striatum 
causes paralysis voluntary motion not deter- 
mine the special function these ganglia distinct from the cortical 
puts the problem very clearly when says that 

have ascertain whether any special are observable 
between the symptoms resulting from lesions the cortical centres and 
those following lesions the basal which may indicate what 
special functions these ganglia, such, 

After pointing out how greatly animals differ respect the 
independent organization motor activities centres the 
cortex (to which important consideration attention will subsequently 
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devoted), the same experimenter concludes from the facts comparati 
physiology that the corpora striata are centres which habitual 
automatic movements become organized. the proviso that man 
even the most habitual most automatic actions require the co-opera- 
tion the centres conscious activity, holds that virtue 
short from afferent side, from the optic the 
place, and that there every reason believe the basal ganglia 
suffice large extent for the execution habitual movements. 

These early views Ferrier were based upon the assumption 
which reference has already been made, that the peduncular 
spinal fibres and the ganglionic substance the corpus striatum formed 
complex whole. The corpora striata were held him the 
the crus, indication their motor 
integral connexion the pyramidal path and the corpus striatum 
regarded established, and view our knowledge 
historically interesting note that that date there was 
diversity opinion regard the significance the 
the facts pathology far the corpus striatum was concerned being 
supposed constant and uniform 

The theory that the actions which are regarded inherited instincts, 
the reflex, automatic, habitual actions man, which 
had, repetition, assumed the 
icquired were co-ordinated integrated the basal ganglia, 


ever, how carefully the writers that time avoid declaring that automatic 
movements are actually the corpus striatum. Ross 
for instance, says that complex movements which animals manifest 
response emotional disturbances are organized corpus 
the movements concerned organized the corpus striatum, but the 
incitement the action these centres comes from the 
Ross himself elsewhere hinted had begun doubt the subordination 
the corpus striatum the cortical motor centres. fact, says 
another place: corpus striatum must regarded nerve 
centre co-ordinate with, and not subordinate to, the 
and Pitres (1878) exposed the corpus striatum 


in dogs by removing the cortex. They obtained no movements from 
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electrical stimulation the caudate and lenticular nuclei: 
whenever the electrodes were applied the internal capsule, there was 
marked response. found striking contrast between the results 
feeble stimuli applied the internal capsule and stimuli 
applied the corpus striatum. They considered the corpus striatum 
definitely inexcitable. 

Already, however, Flechsig and later Wernicke and 
Charcot were coming the conclusion that the great majority 
the fibres the pyramidal are uninterrupted their way 
from cortex crus through the basal ganglia and that the corpus 


striatum ganglion independent the possessing 


between the basal ganglia and not lesions the 
the importance the corpus striatum forthwith 
again its nature and functions became shrouded 
rather study the functions the system. Cases 


began accumulate where lesions the corpus striatum were 
panied recognizable during life. The view was expressed 
that lesions the lenticular nucleus, for instance, were always silent 

Since that time, opinion has been divided the motor function 
the corpus striatum. Its excitability has been much denied 
Luciani and Tamburini considered that under given 
pathological conditions the caudate nucleus cculd take the functions 
the motor cortex (dogs, apes, Monaco and 
the nucleus caudatus dogs, but, obtaining results more 
or less similar to those from lesions of the cortex, regard d the corpus 
striatum included portion the motor cortex, and considered 
closely connected with the latter. Bianchi stimulated the corpus 
striatum with platinum needle electrodes dogs and rabbits, and, 
obtaining certain cases pleurosthotonus with movements the head 
and extremities, held the opinion Hitzig, that the corpus striatum 
was electrically excitable. 

Baginsky and Lehmann (1886) considered the nucleus caudatus 
integral part the motor region the brain (rabbits, cats). 

From his experimental Munk came the 
that the structure question was concerned with habitual 


movements. 
Johansen experimenting dogs, obtained tonic cramps 


| a 
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the lenticular nucleus, and concluded that that 
organ was concerned with the genesis convulsions. fact, held 
that epileptiform seizures man, unaccompanied with loss con- 
arose the lenticular nucleus. 
But other investigators, among whom may mentioned Gliky 
ind Braun obtained entirely negative results. 
Minor performed series carefully planned experi- 
ments rabbits, dogs, cats, guinea-pigs. showed clearly that 
the movements apparently elicited from stimulation the caudate were 
due overflow the current the neighbouring capsule. 
repeated experiments and demonstrated that the results 
came from the capsule, and order establish this beyond cavil 
performed the crucial experiment previously causing the whole 
system removing the motor cortex. There- 
failed, even with strong currents, obtain movements from 
the corpus striatum. The motor function that organ, therefore, 
became than ever doubtful. 
howed that not few the movements hitherto supposed come from 
stimulation the caudate reality came from the genu the capsule. 
noticed that the nearer the stimulating needles were the capsule, 
the more certain were the motor phenomena that resulted. When 
electrodes were pushed into the mass the 
onvulsions followed after some thirty seconds, condition which, 
his opinion, could only regarded capsular effect. With removal 
the whole motor region, faradic stimulation the lenticular nucleus 
was always negative 
Prus (1899) his experiments pushed the sinus longitudinalis 
iside, cut through the corpus callosum, and opened the lateral ventricles, 
exposing the ventricular surface the caudate. obtained tonic 
cramps the contralateral limbs from stimulation the posterior part 
the caudate, clonic cramps from the middle, and running movements 
from the anterior section. addition, noted inhibition respira- 
tion the division the caudate, with 
elevation blood-pressure and slowing the pulse-rate. concluded 
that some his results were the expression reflexes 
stimulation afferent sensory nerves. but that the tonic and clonic 
twitchings, and the rise blood-pressure, were the direct result 
electrical irritation. supposed that the caudate played part 
voluntary movement and automatic movements, such running 
4 
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walking, and that contained vasomotor 
centre. 

Wieting (1891) and Wertheimer and Lepage (1897) found 
the corpus striatum inexcitable (dows). 

Probst (1901) destroved the nucleus caudatus, leaving the capsule 
intact, and could not obtain any even paretic phenomena. 

1902, repeated and revised these experimental 
methods, and once more the result was negative (dogs). The caudate, and 
corpus generally, always found inexcitable from electrical 
standpoint. also observed from 
stimulation the caudate, especially its anterior part, 
ratory ettect could be elicited when the capsulk wis allowed to de venerate. 
As, however, the acceleration respiratory was more readily 
obtained from the caudate than from the capsule, concluded that, 
possibly, there was local connexion between the former 
capsular fibres concerned with respiration, which, his view, wer 
probably part the cortico-thalamic system, passing the median 
nucleus the thalamus. 

Stieda (1903), after preliminary degeneration the 
cortico-spinal system, directly stimulated the caudate dows, but 
obtained movements 

various times durine the last twenty vears, Bechterew 
collaboration with one other his pupils, has performed experiments 
the corpus striatum which have been collected and published the 
second volume Die Funktionen der Nervencentra (1909) 

Von first series experiments (dogs) were undertaken 
After previously complete degeneration the pyra- 
midal tract extirpation the motor area was unable obtain 
any motor phenomenon strong stimulation the caudate nucleus 
Again, with Stieda, similar researches were undertaken, but 
every instance the result was negative Von Bechterew concludes that 
must considered bevond dispute that the caudate nucleus has 
nothine with automatic movements, still less 

the other hand, however, reached somewhat con- 
clusion with regard the lenticular nucleus. Schaikewitsch, 
1902, experimented dogs, either removing the hemisphere 
stimulate the lenticular nucleus directly, previously destroying the 
ramidal svstem and then pushing electrode for given depth inte 


the nucleus through the sylvian fissure. the majority his experi- 
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ments obtained tonic contractions the opposite limbs, and the 
head and tail, and also generalized epileptiform convulsions 
sides the body. obtained these phenomena even 
pyramidal path was degenerated preliminary extirpation the 
motor cortex. Von Bechterew concludes that the lenticular nucleus has 
motor that the globus pallidus special tract extra- 
stimulation which effects movements the opposite 
side the putamen associates with the caudate nucleus, 
denying any function like nature. 

Griinstein (1911) made lesions the caudate and lenticular 
dogs and rabbits with specially constructed needle, but 
his paper contains mention physiological results, and concerned 
solely with the anatomy the corpus striatum, need not further 
present; due reference will made his anatomical 
tindings subsequent chapters. 

the review the experimental literature the corpus striatum 
that has been given, reference has been made more than 
possible association these masses grey matter with the functions 
the viscera, and some evidence has which goes show 
that there may connexions between the corpus striatum 
functions respiration, circulation, and the maintenance 


concerned with the motor part the this question may 


left one side for the present 


The search carried out In the laborate ol nta! 
University College, under the wgis Sir Victor Horsley, 
who performed operations for me, and whom very greatly 


ndebted for much generous help and advice. 


Some twenty-five were nted rhesus, 
Both stimulation and electrolvtic methods were 
instrument emploved was the stereotaxic instrument 
Clarke and which fully described vol. xxxi, 


may said here, very briefly, that its purpose direct 


q 
= 
| 
| 
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needle any one three planes. The average size rhesus heads 
varying very slightly within certain limits, brass cage devised, inside 
which the head fixed. The vertico-transverse plane which 
passes through the external auditory meatus either side, known 
the interaural taken zero. the brain the rhesus 
passes almost constantly just behind the upper limit the fissure 
Rolando. horizontal plane passing through the inferior margin the 
bony orbits and the external auditory meatus, known the basal plane, 
taken zero for and down measurements. means series 
photographs vertico-transverse sections frozen rhesus head 
vith the brain situ, cut mm. thick and numbered 
interaural plane forwards, has been possible decide 
vreatest accuracy What point stimulate, electrolyz Thus 
plane about mm. front the interaural plane cuts through 
the three the lenticular nucleus needle carrier 
accordingly moved the requisite distance along antero- 
posterior brass bar, which brings the point the needle opposite 
desired plane. Then the depth from the surface the spot 
stimulated measured the photograph corresponding the 
(to all the photographs millimetre seale appended) and found 
say, needle-point therefore moved inwards min. fron 
the surface the cortex alone the needle carrier, and know 
certainty, the carrier the correct above the basal plan 
that the point the needle somewhere the globus pallidus. 
precision the instrument admirable, and results were obtained fron 
the first. 

The needle consists fine-drawn double capillary glass tube, 
inside which, insulated the glass, are two fine platinum 
the end the are naked for the extent less than halt 
millimetre, and when the other ends are connected battery and 
constant current allowed flow, limited lesion readily 
produced. In the series of experiments most of the lesions were made 
made by the passage of the needle through the cerebral tissues 
astonishingly slight, and easily distinguishable afterwards 
main lesion. 

does not take long before one learns where the projection the 
corpus striatum the lateral aspect the cerebral hemisphere 
traced. the point the needle introduced through the 


through the lower extremity the third frontal gyrus, through the 
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upper middle part the superior temporal gyrus, certain 


transverse planes some mm. front the interaural plane, 
which, already mentioned, passes just behind the upper limit the 
Rolando 
Stimulation 
the great majority the macaque monkeys experimented 
made routine practice stimulate the lenticular nucleus electri- 
before proceeding make electrolytic lesions. The procedure was 
follows: The animals were always under deep induced 
chloroform and continued with the help the photographs 
the normal macaque head, already referred to, was simple matter 
determine the position the point the stimulating needle. plane 
mm. front the interaural zero plane was commonly chosen 
commence with. the vertical direction plane about mm. 
above zero usually brought the needle opposite the lower part the 
overhanging the fissure; mm. above zero was opposite 
the upper part the superior temporal gyrus; mm. above zero 
opposite the middle part the same gyrus this plane mm. 
front the interaural zero, and the mm. plane the base 
line, was very commonly found that when the needle was driven into 
the brain for distance mm. its point was just internal 
the external capsule. working forwards and backwards from the 
frontal plane, mm. time, carrying the needle upwards 
ind downwards each plane, and advancing the needle-point mm. 
trom the external capsule inwards the internal capsule, 
has been possible stimulate systematically the whole the lenticular 
nucleus all its segments. Further, any given point, was made 
frequent practice commence with the secondary Kronecker coil 


the seale, even less, and advance 1,000, 2,000, 5,000 


even 10,000 without altering the needle 


this way the results current spread were easy detection. double 


needle was nearly always the one this way excita- 
tion was applied very small areas. The current utilized was the 
faradic, derived from the coil above mentioned. Every gradation from 
feeble currents upward was readily and conveniently obtainable. 
what has been said will understood that the control over 
the position the needle-point complete, and that the operator 
able say any given moment exactly what part the lenticular 
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nucleus being stimulated. far from desiring exclude 
cortico-spinal paths previous section and degeneration, 
was rather advantage have their integrity unimpaired, 
satisfactory proof the difference clectrical 
the two. 

said once that the lenticular nucleus was found 
electrically the first place, with the needle the 
the putamen, even comparatively strong currents failed 
any discoverable motor phenomenon any was 
noted again and again. The same true also the globus pallidus 
identical current, employed way control, was found 
movements once from the motor cortex Whenever the immediate 
neighbourhood the internal capsule was reached typical movements 


were obtainable, and with the needle the capsule, course, 


powerful movements were elicited. frequently 
weak currents, advancing the merely made all 


the between movement and capsular movement, showing 


the genuine inexcitability all but the corticospinal may 
stated, result the researches here described, that 
investigation the whole the lenticular nucleus with stimulating 
needle has failed elicit any evidence the ape the localization 
motor centres there, comparable the centres 
motor 

the second place occasionally happened that certain movements 
while the nucleus was being explored with the needle, but 
these were always variable, inconstant, and tleeting all was 
sometimes found that homolateral movements the face, mouth, 
tongue took place from stunulation towards the outer surface of the 
putamen and the external capsule. These were neither 
persistent, and any case were far from constant. mechanism 
their production interesting, but outside the purpose the present 
communication. Next, was noted that blinking 
ments both eves occurred the animal sometimes opened its eves and 
stared straight front, sometimes one other both eves blinked 
very occasionally the eves rolled indetinitely and then came into a fixed 
midway position; sometimes the mouth opened slightly and 
was impossible obtain these movements with any regularity 


oftener than not they were conspicuous their absence. cannot 
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said that the occurrence such movements, obtained for that matter 
the stimulation quite other areas and dependent some extent 
the degree any indication their being localized the 
nucleus lentiformis. experiments have uniformly failed demon- 
strate the occurrence tonic contractions the opposite limbs, and 
the lenticular nucleus. The fact must not lost sight 
tha animals experimented were dogs, whereas 
were monkeys 
was observed occasionally that particular movement, say 
ght closure the contralateral hand, was produced stimulation 
with the needle-point close the capsule, its distance from 
the surface, and that stimulation with the needle advanced 
mm. produced the same movement much more powerfully and 
under such circumstances there can doubt that 
the first instance the movement was not truly lenticular origin but 
resulted merely from the propinquity the needle-point 
fibres and from spread current 
Thus from consideration the above-mentioned data clear 
that when due precautions are taken, when exact control both current 
ind position needle possible and practised, stimulation the 
lenticular nucleus, both putamen and globus pallidus, 
negative this respect research but confirms the work those 
previou nvestigators who have performed their experiments 


sufficiently and aceurate fashion 


production electrolytic lesions constant current from three tive 
was utilized, and allowed run for some 
fifteen minutes Both smail and large lesions were made, the latter 

iking two, three, four smaller lesions close together. some 
nstances the lesions were intentionally placed, for anatomical reasons, 
the vicinity of, but outside the nucleus lentiformis, reference will 


within the nucleus 
The animals were allowed live rule for some three weeks 


after the operation. instance uninterrupted 


recovery took place Dr Ing these weeks the animals were tested in 


| 
| 
Phy results It has already been stated that for the 
q 


444 ORIGINAL ARTICLES AND CLINICAL CASES 


all sorts ways: they were allowed climb about the room used 
monkey-house, they were tried with the use they made objects 
either hand, their reflexes were examined, 

For reasons which will mentioned subsequently, 
monkeys experimented the lesions were single and small. None 
these animals showed any sign motor that careful and 
repeated examination could detect. involuntary movements, 
the nature tremor, were noticed. the later series experiments, 
where the lesions were larger, involving the greater part the nucleus, 
the absence any involuntary movement was again noted. Some 
these however, showed preference, the taking nuts 
bananas, for the homolateral Or, climbing about their cage, 
they showed just the least awkwardness clumsiness with the contra 
lateral limbs. Yet approximation paralysis even 
seen. was impossible satisfy oneself that there was any 
able alteration the tone the muscles the limbs opposite the 
lesion. several instances the tendon retlexes were slightly increased 
the contralateral limbs. ‘There was defect sensibility far 
could ascertained. 

one two cases possible that slight implication some 
capsular fibres may account for the motor symptoms, such they are 
others, however, examination failed 
capsular degeneration, and vet the animal’s limbs the side 
the lesion were not perfectly therefore conceivable that 
large lenticular lesion produces unsteadying effect innervation 
But the data disposal preclude any elaboration that 
can said that small and large lesions alike failed reveal 
selves any obvious constant unequivocal defect motility, 
far the results the present investigation are 
this series, matter fact, bilateral lesions were made. 

The opportunity was taken, number cases, stimulating th: 
homolateral motor cortex after large lesions the lenticular nucleus 
The result every instance was the same; difference excitability 
could detected between corresponding points the right and left 
motor cortical areas. These excitation experiments were made 
the full three weeks, after degeneration secondary the lesion was 
thoroughly established. Thus there physiological evidence 
impairment function the motor area from large lesions 
homolateral corpus 

(B) Anatomical results.—As already stated, the animals ope rated 
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antiseptic precautions were allowed live about three 
weeks they were then killed under The brain was 
once injected situ with formol-Miiller, removed, and the position 
the interaural plane marked it. few days later was cut 
mm. slabs, parallel the interaural plane, means 
macrotome. slabs showing the lesions were then photographed, 
ind the material duly prepared for examination method. 

the following pages selection only from the complete set 
nvestigations will given. will understood that description 
each would result overlapping, and also that some animals 
results were scantier less instructive than others 

The preliminary remark may made that first the 
lesions were intentionally very the case such complicated 
areas the globus pallidus essential that the lesions should 
small, and this respect the immense superiority the accurate 
technique obtainable the stereotaxic instrument especially seen 
method other than that which privilege utilize 


possible unravel the degenerations lesions much 


1 | nd o ilf of its bre it! lesion ¢ ends 
Cc ) rile | ( it en ) where la eral ol 
e glob s | ny ve t ol ( } it ner 
I'he ( vel ly i t 
( 
1 net ly Vi f the isl lof R il 
i t b specihied 
| ) r i ele Ve vell 1 ked 
I] 11 numerous bundl or pencils of fibres 
cep ral, lal, and esial direetior 
bundles on the mesial side of the lesion, i.e., there is no degeneration in a dorsal 
late il direction The degenerated bundles sradually converge as they 
Cu lally tna vent lly, and fresh bundles of normal fibres appe uw in thei place 
W he the lar medullaris late lis is reached the affected bundles have con 
tow the inction its dorsal and middle thirds Extremely few 
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248 OY, 


Lesion the anterior and dors 


portion 
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lesion putamen, which has spread round its margin, 
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degenerated tibres are seen leaving the bundles enter the lamina; 
far the greater number them pass directly across. the middle zone 

lateral division the globus pallidus—the affected bundles have converged 
still more, but the degeneration does not become diffused. The tibres keep 
closely together, and can traced mesially narrowing pencil, gradually 
its degeneration, across the middle zone, across the lamina medullaris 
medialis, to end by diffusing out in the centre of the mesial division of the 
obus pallidus. By this time complete new bundles have taken their place 
the putamen and lateral zone the globus pallidus. None the 
legenerated the mesial lamina pass either dorsally ventrally 
it. the degenerated pencils travel and ventrally, they gradually 


minish quantity, particularly after reaching the middle zone. 


ene ted ] n fibres enter the ! il capsule here is no degenet 
nsa lenticularis 
Rhesus 280 lesion large 
whole the lateral portion the 
cross the cleus, ces Vil verti lly t 
tel } th oO pu ‘ Sl 
te ( ps st ! t 
latte has cut across 
entering nal capsule the anterior side 
{1s sO be expected consid ! tive 
2 | ( edd ( eal fibres irom the | spec 
is ) cortex and ers wnt cross 
( | = ( 
! ! ‘ tine fibres thre put en 
ne ) from th lesion n the met 
also the ease Rh. 248, showin 
CCUDN t least one { the vertical he I ol he mu Ss, and can be 
easily ( ss ul late lullary | na e late | ne ol 
pallidus and the mesial lamina, the centre the mesial zone 
globus pallidus. they traverse the nucleus they converge but keep 
hundles eve Where the fibres are closely amassed together, gradually 
iminish in ql ntity of degenerated fibres, and diffuse out well across the 
esial zone | \ ive olf a ie degenerated tibres » the lateral lamina 


nina. They cannot be traced beyond the globus prin lidus. Thev do no 


nter the iunsa len cularis 
IN 
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(4) None the degenerated fibres reach the optic thalamus. None the 
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(4) There slight degeneration from the putamen across the upper third 
the internal capsule into the numbers healthy fibres come the 
reverse 

(5) There marked coarse degeneration large number 
fibres, readily traceable because its striking contrast the fine degeneration 
putamen fibres. they run side side the two types can easily 
distinguished (fig. The degenerated capsular fibres not give off any 
enter either the laminw medullares. few which pass from the capsule 
these points are found serial section aberrant bundles which converge 
the main body degenerated fibres further ventrally. 


degenerated fibres enter the globus pallidus from the 


Fic. Contrast between coarse capsular degeneration and 
internuncial fibre degeneration (scarcely visible with this magnificati 
Rhesus 292/09.—The lesion intentionally small, and almost 
with that Rh. 248. 
Degenerations. 
(1) The usual putamen degeneration present. All degenerated 


pass ventral, and mesial direction; none degenerate dorsal 
oral, or lateral direction. The degenerated pencils of fibres can be traced 
the mesial zone the globus pallidus; they give off very few fibres 
pass into either the There degeneration into the 
thalamus caudate, the ansa. The amount degeneration from the 


— 


putamen lesion proportional its size. 
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(2) One two fine bundles degenerated fibres are 
entering the putamen from the external capsule its dorsal 
section. The presumption that these have degenerated from the needle track, 
for they are well beyond the degenerated putamen area and they may 
putaminal origin and have coursed the surface the putamen. They 
skirt the internal capsule and apparently enter it. the most there are 
about three such bundles, and they are very small. 

IV. Bonnet 316,09.—The further back the putamen, and 


interest because its propinquity the lateral medullary lamina (fig. 
Genel iti 


the lesion rather small the degenerated putamen 
internuncial fibres cannot traced far, but they are their maximum 


Fic. 4.—Bonnet Small lesion putamen, near the lateral medullary 


when they cross the lateral medullary lamina, whence easy determine 
that this instance fibres these bundles leave the latter pass dorsally 
ventrally inthe lamina. Healthy laminal fibres can seen passing through 
some of the degenerated pencils, 

Rhesus 348/10.—The lesion the corona radiata just dorsal the 
anterior extremity the internal capsule; has way implicated 
putamen, has caught large number capsular fibres the 


operculum and lower motor 
Deanenerations 

(1) There gross capsular degeneration, not, course, complete. 
degenerated fibres are coarse and easily followed. degenerated capsular 


fibres enter either the lateral the mesial medullary lamina. degenerated 


be 
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enter either the lateral the mesial zones the globus pallidus. None 
enter the putamen. 

(2) There marked degeneration cortical fibres various 
directions. 

(3) very slight descending degeneration the external capsule 

corpus callosum present most make their way the opposite cortex, but 
fair number turn and enter the opposite internal capsule. 

(5) few degenerated fibres the the putamen enter 


internal capsule. 


4 

7 


The lesion mainly the lateral division 


+ 


The results such experiment this far show that the tibre 


content the putamen autogenous origin. 


VI. Rhesus 434 10. The lesion occupies the dorsal anterior portion of the 


lateral zone of the globus pallidus in its whole transverse extent, as well as the \ 
= 


adjacent mesial portion the putamen and the lateral portion 
zone of the globus pallidus. It has completely destroyed the dorsal half of t 


lateral medullary lamina, and impinges very slightly the internal capsule 


+) 


the junction its dorsal and middle thirds (fig. 


| 
Fic. 5.— Rh. pallidus. 
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There 


but definite degeneration some lenticulo-caudate fibres 


me ol tl ‘lobus allid is icross the internal capsule A much 


healthy fibres come the pposite 


the lesion 


fibre s ente 


passes ventrally the lateral lamina 


(Quanity loes it reach the base of the lamina. Caudal 


fibres soon the lamina. large 
i the nucleus by the lamina are degenerated ; they do 
i n its Whole extent, but leave it to pass into the 
iteral ne of the globus pallidus: they are internuneia: 
ite 
siderable tine bundles crossing the 
below and behind the level the lesion, and running 
mesial some these gradually edge 
bliquely, reaching the level of the mesial z me before they 


followed into the lateral and ventral sections the 


tibres). The granulation these fibres, though 
fine the pure putamen degenerations 
that considering the extent of the lesion none of the 
to travel far; they are all short the longest are the 
oO the radial degenerated bundles, towards the 
s » nol pass the mes il ne witel reaching well 
out 
lial degen mn there is well marked degenet ition 
the middle lenticular zone, more less 
rse of the lateral medullary lamina. Their calibre is 
and their degeneration is more scattered or diffused 
ventra posteriorly the ventral part the 


ost them are brought together, and then turn again 


is the wunsa lenticularis The degeneration ol thes 
ist s marked Ss tie degeneration ol thre radial 
lial tibres cross the internal caupsul obli puely 
way the corpus subthalamicum clear that 
bres blend I internal ¢ ipsule in its basal third 


ips ile sol 
enerations are identical with those obtained in- the 
ere s marke degeneration of strio-thalamie fibres 
ywwed mesially far into tl thalamus as little bundles et 
eping ¢ osely togethe until they diffuse out. 
iter the ansa The degeneration in the lateral lamina 


Der eral Ws, a 
not follow the 
f-imen the q 
putamen 
lenticular zone radi 
mesially into the = 
capsule and cross 
( tic thalamus (st eal 
tine, is perhaps not « iM 
noteworth 
involve fibres seen 
strio-thalamie. 
wrallel te tha en 
somewhat coarser, 
> where nNost 4 
middle zone, where 
tranvers ibres 
fibres 
seen to be 
none these radial 
VIL. Rhesus 450/10. [The lesion is analogous to that in Rh. 434, but it a 
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Fic. 6.—Rh. The lesion mainly the lateral division the globus pallidus. 


| 
Fic. 7.--Rh. lesion situated outside the putamen, its posterior ventral 
extremity. 


f 
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(3) Most the degenerated radial bundles edging towards the capsule run 
obliquely into the corpus others belonging apparently 
this group can traced mesial, caudal and ventral direction beyond the 
corpus subthalamicum apparently the lateral part che capsule the red 
nucleus. 
(4) There well marked degeneration the transverse fibres (part 
the ansa lenticularis) their anterior division, that part which turns 
ound the extremity the reach the anterior ventral corner 
the thalamus (the older writers). 
Rhesus 488 10.—This experiment was made determine whether 
fibres enter the putamen from behind and below. The needle has passed 
through the superior temporal gyrus and the lesion situated the claustrum 
ind external capsule the posterior ventral extremity the putamen, which 
tself not touched the lesion 
Deyenera 
(1) degenerated enter the putamen from its lateral side: all skirt 
the without entering, except few cortico-spinal cortico-pontine 
tibres which the the putamen, but can very easily shown 
There well marked degeneration dorsal direction the external 
capsule, much more than in the other animals where the degeneration 
ravelled ventrally 
3 Various «le eenerations ol cortical associational tibres need not be 
rther 
Rhesus 502 The lesion the ventral portion the lateral zone 
the globus pallidus, destroying the ventral third the lateral lamina and 
impinging the mesial lamina has partially invaded the substantia 
nominata (figs. and 
There well marked ascending degeneration the external capsule and 
ted tibres enter the corpus callosum, but none all pass into the putamen. 
The most part the lesion, the exact situation which seen 
n tig. 10. is excellently placed to show that some cortico-pontine fibres pass 7 
the putamen its caudal section merely fibres passage; there 
no trace of any degeneration of putamen pencils. The degenerated tibres of d 
passage are coarse and not fine. 
The double (transverse and radial) degeneration from the globus pallidus 
referred particularly well seen. The transverse fibres, constituting 
integral portion the ansa lenticularis, are grossly degenerated, and 
readily traceable across the internal capsule somewhat obliquely 
and beyond. The radial fibres, fine coalescing bundles, cross the 
capsule much more obliquely to end in the corpus subthalamicum ; some of 4 
also found passing ventrally the latter, skirting its ventral margin 
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Rh. 


502/10. 


502 10, 


The lesion ventral the putamen and globus pallidus. 


Photograph stained section show exact position part 


the lesion. 
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fibres enter the nucleus from below behind. 


LO Rh. 50210. The 1 
whether cortico-stria 
a 
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Fic. 11.—Rh. lesion destroying putamen 
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end the substantia nigra. Both these degenerations are very complete, 
and owing the integrity the capsule they are easy follow. The 

clearly visible travelling and ventral direction far the 
ventral capsule the nucleus The fibres going the substantia 

come from the most ventral the ansa group. They pass mesially more 
or less horizontal fashion, and correspond to the tractus strio pedunet laris ot 


Edinger. | 
(4) There well marked but quickly disappearing dorsal degeneration 
the lateral medullary lamina. 


(5) There trace any degeneration passing laterally the nucleus 


the otherwise through the nucleus the cortex. 


Rhesus 26/11.—The main lesion. large one, has destroved the whole 
the putamen and part the lateral zone the globus pallidus. The 
external capsule completely destroyed about its middle (fig. The 
posterior portion of the lesion has invaded the capsule and spread across it 
to the caudate. A second lesion, independent of the above, is placed In 
almost identically the same position the lesion Rh. 502, and from 


important degenerations can readily followed 12). 
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.2611. The inferior lesion placed ventrally the putamen and globus 
pallidus 
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Ler erate 
tibres leave enter the putamen, front of, behind the main 
4 
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\ solitary degenerated fasciculus was seen ip} irently entering the pul 
(2) Certa n ¢ rtical associational fibres t! are lecenerat | need not be 
irtner specihed 
The e s well n ke tine degen the region betwe 
caudate the optic t malamus the stratum subeaudatum of Sachs 
i) niy it tne n is tut LISO, n less cle ee, by yo! 
tv} il de nerations olf the al lenti iis across the ca} 
Forel’s field na beyond, ) e Cups the nucleus re obla 
Well as e rad de enel lot he bunadtes more ¢ across Live le 
7 
the corpus subthalamicum (st luysian fibres), and the substantia nigra 
the putamen the placed subsidi lesion above noted. 
pecihed 
is YO thle one the chi t is in the 
le the putame hat | e of the globus pallidus an extension 
unt enerat be t ted in the 
ternal Ca} I 133 
‘ } { 
Lege m of conve some are merel nte ¥ 
nbre piss esta one Oo DUS 
| ePASLIV Se] ible « Wing l elat ror ealilb e, to the res 
\lost pass to the ¢ pus sub cum: some travel turthe mestally 
thi that body, out tront the area where the 
tractus cerebello-tegmentalis passes nto t nucleus iber It is difficult to ry 
say W ne ey ny dehnite union with the nucleus wer, \ nu Hel 
fll aecenerate | tib es, belonging to this roup, are Iso t aceable into the he 
The second transverse degeneration thicker, medium-sized 
} nterl nd a posteriol The atter, Cc nstituting the 1 ajor part ol | | a 
tegenerated Nbres, can be followed with ease more directly across the ini a 
= 


CASES 


ARTICLES AND 


ORIGINAL 


both dorsal and ventral 


lesion, 


1} 
uble 


96/11. 


Fic. 14.—Rh. 96/11. The dotted white lines indicate the course the transverse 
lenticularis from the globus pallidus Forel’s dorsal capsul 
subthalamicum 
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the upper third the capsule the nucleus caudatus, more particularly 


case the mesial lamina this 


(5) There is a well-marked fine degeneration along the dorsal aspect of the 


anterior commissure 
upper capsular lesion and are traceable into the ventral section the thalam 
Across the mesial part the zona incerta few degenerated fibres 
which have passed ventrally through the thalamus. 
Rhesus main lesion pleced the ventral part 


ul 


Ss 


lenticular nucleus, extending over two-thirds the 


Fic. 16.—Rh. 11611. The lesion ventral the lenticular nucleus 


posterior cdireetion. It hiuas passed bevond the strict lin its of the nueleu 


ventrally, invading the dorsal portion the nucleus external 


the tract, the area 


Reichert (fig. 16). 


Deqeneratioi 


(1) There considerable degeneration internune 


+ 


fibres, of tine calibre, passing from the putamen round the capsule to 


caudate nucleus. Similarly there much degeneration fine internune 


fibres both medullary Some the lateral lamina pass across 


(6) certain number fibres are degenerated from the 
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capsule the caudate, others turn off the lamina enter the globus pallidus. 


degenerated pass dorsally each instance. 
Fibres fine calibre also pass across the capsule from the globus 


pallidus the caudate small quantity but quite definitely. These are from 


tive teral part ol the lateral zone of the globus pallidus only. 


There gross degeneration the ansa lenticularis, and its fibres, 
med In are very well seen as they cotrve.ge t wards the intel ral 
caps crossing re | ss pal illel eurvii eull to enter Forel’s 

17, 19), aeross which they course mesially, partially subdividing 


field (fig. 20), while the majority pass caudally, ventrally and mesially 
the lateral and ventral 
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(5) There is marked degeneration of tine fibres along the dorsal aspect ol 
the anterior commissure. 

(6) There is a notable degeneration of Meynert’s commissure as it lies 
posterior the optic tract. The degeneration anterior and 
direction from the lesion. 


(7) There evidence lateral degeneration from the lesion, 


the putamen (fig. 22). 


study the small and strictly localized lesions produced according 
the technique employed for the purposes this investigation, shows 
that several important respects experimental data serve confirm 
and certain views the anatomical relations the corpus 
striatum hitherto not received with any approximation unanimity 


The fibre system the corpus striatum may divided into 


Inaln groups: 


Fibres arising and ending within the corpus striatum 


(2) Fibres arising the corpus striatum and ending elsewhere 


striofugal). 
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(3) Fibres arising elsewhere and ending the corpus striatum 


(4) Fibres passing through the corpus striatum, but arising and 
ending elsewhere (fibres passage). 

the first group several subdivisions may distinguished. 

(a) Internuncial fibres from the putamen the pallidus. 
are invariably fine calibre, with mvelinated sheath 
They are massed into bundles pencils, arising the 
individual fibres, not always very close their cells origin, and 
running mesially; the anterior pencils converge they pass 
posterior direction, while posterior converge 
anteriorly the most ventral run dorsal direction, the dorsal 
ventral direction, and this fashion all converge towards the 
lateral zone the globus here some them ditfuse out, 

hile others pass the mesial zone, where they turn diffuse 


fibres arise the lateral zone the globus pallidus and 
ross n radi Lit to mes i} 


Many fine internuncial fibres pass 


icross the dorsal third the internal capsule from the nucleus cau- 
iatus 1 the putamen, while others reach the lateral zone of the clobus 
hid is 

perhaps worthy note that distinctly fewer fibres pass from 


the putamen the caudate than the reverse direction; and this 
also the connexions between the globus pallidus and the caudate. 
The composition the the present series 

experiments lesions have been placed both the dorsal and the 
ventral extremities the medullares one two instances 
degeneration has been obtained extending from end end the 
lamina; rule, however, the degeneration takes place along limited 
ength, the affected then turning either into the putamen the 
pallidus. the longest degeneration obtained ntially 
finely granular type, indicating the small calibre the laminal 
fibres—an important consideration. The lateral lamina composed 
part associational fibres passing both directions. 
Some the putamen-globus pallidus fibres enter into its constitution 
for ashort distance. The mesial lamina, similarly, short 
mnecting fibres passing both dorsally and ventrally; these are mainly 
internuncial fibres between the lateral and mesial zone the globus 


pallidus for part only their course; from lesion its ventral 
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extremity the dorsally passing degeneration does not, rule, extend 
the capsule. Caudate associational fibres are also found 
ventral section blends with and reinforced number transverse, 
slightly thicker, fibres, termed supplementary medullary 
which form part the ansa lenticularis, subse- 
quently daseribed. 

always easy distinguish between the tine degeneration 
short fibres and the coarse degeneration cortico-spina 
fibres: the difference fibres runnine 


passing through the capsule can readily separated 


latter. The experimental evidence here furnished, therefor: , negatives 


the view and others, who place the 
thalamo-cortical fibres part their course, and that for two reasons 
has just been remarked, the degeneration always 
fine-calibred myelinated fibres and, secondly, this series 


ments, fibres have been seen pass 


has been obtained nelu 
lesions cortico-pontine, cor bulbar 
cros 
each the late 
raced passing 
eXISt ll | 
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lesion the caudate, and own experiments have failed reveal 
certain evidence their Griinstein could 
tind trace, rabbits and dogs, caudate-thalamic fibres from lesions 
the caudate. group belonging the ansa lenticularis, 
ind corresponding the older writers, 1s, 
strictly speaking, part the strio-thalamic system, since passes 


from the 


obus pallidus the optic thalamus. will made 
this tract fibres the following description the ansa lenticularis. 


} 


fibre system, which, however, certain subdivisions are readily 


The chief set fibres the ansa stands out unmistakeably 


niposed fibres slightly larger calibre than the others, which 


the same size the internuncial fibres already described. This 
ract the lateral and mesial zones the globus pallidus, runs 

less right angles the radially disposed pencils and 
listinguished the descriptions experiments given above the 


passes directly across the capsule slight curve 
ith the convexity dorsal, and constitutes closely set bundle reaching 
occupying tield corresponds the lenticular bundle 

e| H The fibre pas mes lly across Forel’s tield and form 


direction the fibres changes from latero-mesial 
more antero-posterior direction. Many then pass ventrally and 
and can definitely traced end the ventro-lateral and 
itral capsu the nucleus ruber (figs. 23, seems possible, 
one two experiments, that few fibres continue across 
mesial plane the decussation Forel reach the contralateral 
This the main group the ansa lenticularis, and the 


I the inaton ical connexion b tween the olobus pallidus and the 


cleus ruber considerable importance. easy distinguish 
these tibres from those the capsule, indeed from any other tract 
neighbourhood 


Von Monakow states that the ansa derived mainly from the puta 


en, but for apes this certainly incorrect, have never found degene- 


ition the ansa from lesions confined strictly the putamen. 
ise examined Tarasewitsch the ansa was intact though there was 


lesion the putamen. Griinstein found few degenerated 


the ansa from putamen lesions Von Monakow also 
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states that some the fibres Forel’s field edge dorsally across the 
incerta reach the ventral portion the optic thalamus, but 
have not been able the existence such fibres 
apes. Sachs was able put small lesion field 
the methods utilized this series experiments, and found 
that from mesial degeneration passed caudally, ventrally and 
mesially the ventral capsule the nucleus ruber. Dejerine [17 


the independence the ansa and capsular fibres, and describes 
the former reaching the capsule the nucleus ruber 


mentions has found negative evidence the exist- 


ence the same connexions the complete cortical extir- 
pation running with the otherwise entirely degenerated 
cortico-rubral tracts remained they were seen fibres passing from 


the corpus striatum the capsule the red and 

Bechterew had previously suspected the existence this important 

relation. Cajal states very positively that bundle and field 


fibres capsular origin. Les auteurs considéraient 


comme une dépendance corps systéme tout fait 


étranger contraire qui est précisément 
est tout simplement groupe considérable collatérales 


makes the absolute statement that fibres the lenticular bundle 
ross the capsule entirely. impossible, nevertheless, 
these views, which are completely refuted own and other 
experimental evidence Cajal agrees that the fibres field 
certainly reach the capsule the red nucleus, and remarks 


that cacherons pas que d’une terminaison totale 
cordon Forel dans noyau rouge est loin 
léplaire, car elle comble une lacune 
bst holds that the bundle question 
lenticular origin, did Forel originally, followed Mahaim 
tion has been found Forel’s tield amyotrophic lateral sclerosis. 
Both Probst and Monakow state that the lenticular bundle Forel 
(the dorsal capsule the corpus subthalamicum) passes mesially and 
ventrally the tuber cinereum, forming fasciculus tuberis cinerei. 
But can find proof such connexions these experiments 
Probst even states has traced fibres across the corpus 
eniculatum externum the opposite side. 
recent monograph Der rote Kern, die 
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Haube, und die Regio reference the possibility 
connexion between the corpus striatum and the red nucleus given, 
reference has been overlooked) which curious view the above 
mentioned investigations previous observers and the fact that there 

description the nucleus ruber and its relations the dog, 

ape, the monograph. 

Allusion has been made above more anterior portion the ansa 
composed fibres similar calibre, which edges round the 
mesial extremity the internal capsule reach the ventrolateral 
margin the optic thalamus anteriorly. constitutes the most 
anterior part the transverse ansa fibres, and smaller dimensions 
than the other. While some its constituent fibres pass somewhat 
vertically the thalamus, others turn ventrally once they have reached 
and can traced eventually join the main caudal group 

slightly finer myelinated arising from the radiai bundles 
globus pallidus. They are ventral the striofugal group the 
ruber just described, and they edge across the basal third the 
much more obliquely. They can traced across the capsular 
the latter extend into the crus. The great pass int the 
subthalamicum (strio-luysian fibres) out 
way the neighbourhood the lateral capsule the red nucleus, 
effect any union with the nucleus 

smaller number fine fibres pass obliquely across the 
mesial direction, ventral the corpus rea 
locus 

Edinger describes tibres of cal sular entering the I 
Luys, but they have not been demonstrated series experi 
ments. Cajal similarly, alludes capsular fibres, derived solely 
from the ventral part the cerebral peduncle, and entering the body 
The ventral fibres proceeding from the mesial globus pallidus 
the substantia nigra are less number than might supposed from 
the comparative prominence assigned them Edinger, who gives them 
the name tractus strio-peduncularis. evidence the occurrence 
such fibres man has yet been advanced, according Dejerine 
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way résumé, the following account the the 
ansa lenticu'aris determined experiments apes may given 

consists two divisions, distinguishable slight differences 
the calibre their constituent fibres. The first made medium- 
sized fibres running transversely from the lateral and mesial globus 
pallidus across the internal capsule; its more anterior section reaches 
the lateral and ventral corner the thalamus rounding the ventral 
end the capsule; its main posterior section forms Forel’s lenticular 
bundle, crosses Forel’s field, whence good part extends ventrally 
and caudally reach the ventral capsule the red nucleus. The 
second constituted fine fibres from the radial bundles the globus 
pallidus, which edge obliquely across the basal third the 
the majority (mostly dorsal and middle bundles) end 
subthalamicum, but some cross this mesially and turn caudally end, 
the immediate neighbourhood the anterior capsule 
the red nucleus; others tew ventral bundles) pass ventrally the 
subthalamicum, and end the substantia nigra. 

reference has been made certain other parts the 
regio subthalamica, viz., the zona incerta and the thalamic bundle 
(H,), for the simple reason that none numerous 
ments the globus pallidus has any degeneration been traced into 
these areas. the other hand, when the internal capsule 
has been suitably injured, there has been evident degeneration 

rtico-thalamic fibres passing mesially and ventrally along, and forming 
part of, the thalamic tract Forel (H,). its caudal and mesial 


extremity some fibres make their way the dorsal aspect the nucleus 


field. But degeneration has been seen pass from 
the dorsal capsule the body Luys lenticular bundle 
mentioned Dejerine the case. degeneration has been 


found from the globus pallidus the zona incerta. Yet Edinger 
declares that more less all the fibres crossing the zona incerta 
come from the ansa lenticularis, opinion which impossible 
subseribe, far least the ape concerned. 

unequivocal proof the passage fibres, fine medium, from 
either the putamen the globus pallidus the internal capsule 
has been obtained. The general direction the two divisions 
the ansa lenticularis always oblique that the cortico-spinal 


fibres. Sir Victor Horsley has examined specimens 


and agrees that they furnish evidence such passage. 
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Probst [63] failed find any fibres with this course 
Dejerine concurs admitting the independence the ansa and 
the capsule. Prus thinks there are centrifugal fibres 
putamen the crus, but offers anatomical evidence these, which 
for that matter, the work other investigators and myself renders 
more than problematical. 

series experiments has been the absence any degeneration passing 
laterally from the lesions the putamen and globus 
putamen, for instance, trace outward degeneration from the lesions 
has been noted. From laminal lesions degenerated fibres passing 
the have been traced out the corpus striatum the 
Internuncial fibres degenerate lateralwards from lesions 
slobus pallidus, but they are easily recognizable such. 
herefore, enlarging this matter further, may stated that strio- 
fibres are non-existent 

Apart from thalamo-cortical crossing the corpus striatum-—t 
between the nucleus lentiformis and the cortex after experimental 
lesions the former, and results corroborate his this respect 

(e) the striatun and contralatera 
structures.—In recent communication van Valkenburg working 
the corpus callosum, More than one preparation led 
suppose that part the corpus callosum serves 
neostriata each side, i.e., the nucleus caudatus and putamen. But 
analogy with the archistriatal commissure which connects the 
amyedale, and a possible commissure between the paleostriata in | 


Meynert’s commissure, such connexion the phylogenetically most 


ecent parts the striatum would not has jus 
remarked, however, that there trace apes fibres passing 
the globus pallidus putamen dorsal lateral direction 
the white matter the hemispheres (van Valkenburg’s experiments 
were mice, rabbits, and cats). There evidence, 
striofugal fibres reaching the corpus callosum, for the ape, least 
one only experiments was there indication fibres crossing 
from Forel’s field the commissure Forel the contralateral red 
nucleus. They were very few number. Sachs has found such 
fibres degenerating from electrolytic lesion Forel’s field. Dejerine 
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but the evidence have offer, such is, corroborates the 
given Sachs. 

has been held that the corpus subthalamicum connected with 
the contralateral nucleus lentiformis the intermediation 
This view has been Darkschewitsch and 
legeneration the commissure Mevnert after lesions 
the globus pallidus, with integrity the optic bandelette. mor 
than one experiments exquisite degeneration was 
Meynert’s from one side the other. how 
ever, quite clear from careful scrutiny the sections number 
experiments that commissure has nothing with 

bus pallidus. Only when the lesion has impinged the margin 
ith ytic bandelette has Meynert’s commissure devenerated. lesions 


the globus pallidus, completely destroying its and 


volving ventral ansa lenticularis, have left 
ntact Where has been degenerated the fibres cross neither the 
subthalamicum nor the nucleus lentiformis The view which 
places the orig the fibres Meynert’s commissure the corpus 
II] [n tl third «1 up there are again a number of separate tract 
Thalamo-striate fibres none own lesions were placed 
thalamus, not possible for confirm deny, experi- 
mental grounds, the existence thalamo-striate fibres. known, 
however, that such occur, the association between the thalamus 
ind the being close Dejerine, 
made these for the sake completeness. 
has found degeneration passing laterally across the capsule its 


basal third, and entering the globus pallidus, where diffused out. 
fibres entered the putamen. This degeneration resulted 
from the involvement fibres passing reverse direction the main 
part the ansa lenticularis. Similarly, Dejerine (case Gardette) was 
able follow degeneration from lesion the regio subthalamica: (1) 


according the lines already fuily described, and (2) laterally, 


the ansa lenticularis and lenticular bundle the globus 
lidus. would appear, therefore, that while the ansa lenticularis 


and the strio-subthalamic tracts are large extent striofugal, 


also contain striopetal fibres. Such fibres 
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expected, for general rule that cerebral areas grey matter are 
doubly, though not always equally, each other, 
ind efferent fibre-systems. 

(c) Cortico-striate experiments herein detailed show 
ciently that the corpus striatum independent the cerebral cortex. 
few small fasciculi may cross the dorsal, ventral, oral caudal aspects 
the putamen from the cortical side, but they are fibres passage. With 
practically complete capsular degeneration fibres have been seen 
leave the cortico-spinal path and enter the lenticular nucleus its 


25.—Rh. given text.) The photograph indicates part the 
prehensive lesions made demonstrate the independence the lenticular 
rtico-striate fibres were found. 


lamine otherwise (fig. Occasionally aberrant bundles may 
the capsule diverge towards the lenticular nucleus, but they 
join again. sign Cajal’s collaterals from the cortico-spinal 
system which arborize among the cells the lenticular nucleus, and, 
according him, transmit voluntary motor excitation, has been 
covered. the calibre the cortico-spinal group 
than that the fibres the corpus striatum. 
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The consensus opinion among investigators favour the 
independence the corpus striatum and the cerebral cortex. 


century ago Burdach showed that the appearances suggested that 


the putamen was not connected with the cortex, and evidence has 


been adduced combat the contention; neither strio-cortical nor cor- 


tico-striate fibres alone has maintained that 


result complete partial destruction the frontal lobe (in apes 


ind tine degenerated bundles fibres can traced into the 


more particularly the caudate. Apart from the inexact- 


of su *h en ral experinents, Cajal 13 could not tind any trace ol 


Lé 


tibres and there are direct cortico-striate connexions. 


Dejerine and many others. ‘The absence any such anatomical 


centres the lenticular nucleus under the intluence the cortex. 
the 


demonstrate 


and 


places the lenticular nucleus 


secn 


Were 


ensory fibres, whose exact origin does not 
further experimental evidence for the 
such fibres perhaps worth mentioning now 
pat fillet fibres the ansa lenticularis quite 
There remains the final question any 
for part then through the corpus striatum. 
fibres passing part the the lenticular nucleus, and 
thus definitely opposed the views Probst Obersteiner 
believed that fillet fibres made loop- 
through the nucleus lentiformis their way the 
cal bre pro- a 
lirection 
not 
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number they were quite insignificant, while the fact that they passed 
out the putamen little more centrally than the fasciculi previously 
alluded to, which “cut the that structure, perhaps 
sufficient reason for making reference them all. 

has been held, similarly, that some 
group pass the medullares the lenticular nucleus, but there 

recoit corticalité cerébrale quelques trés rares fibres qui passent 
par les lames médullaires globus this may 
man, cannot find them the apes which experiments have been 


made. 


CHAPTER 


The problem the function the corpus striatum 
(human and comparative) and clinico-pathological 
each which will found furnish 
the subject. 
(1) essential discussing the physiology the 


think anatomically. Admitting the not infrequent 


posing that anatomical juxtaposition argues physiological 


is, nevertheless, more mistake assign 


organ which anatomically incapable 


have seen that the cardinal anatomical connexions 
are follows: 

indepe ndent the cerebral cortex. 

(ii) The putamen and caudate are closely linked 
both the globus pallidus. 
The main striofugal and striopetal fibre-groups are related 
the globus pallidus only, and not the putamen and caudate 
(iv) The striofugal groups preponderate, and link the globus pallic 
with the optic thalamus and the regio subthalamica, including 
nucleus ruber, corpus subthalamicum, and substantia nigra. 

(v) The corpus striatum not connected directly with 

(vi) The corpora striata are, directly least, independent eac 

From consideration these anatomical data, obtained experi- 
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ments apes, and known be, great part, not entirely, identical 
man, clear that the corpus striatum autonomous centre 
other words, whatever its function, that function exercised inde- 
pendently the cerebral cortex. Further, these anatomical data 
indicate that that function motor type, that exercised 
caudal direction. does not, however, follow that 
because the main connexions are efferent the motor function the 
identical with, even similar to, the motor function the 

Certain other anatomical features may here referred to. 
the greatest number the cells the corpus striatum man are small 


ind more less spindle spherical and only slightly polygonal 


mainly the globus pallidus that 


with scanty cytoplasm. 
found; the former have short axons, the 


the 


larger cells are 


ger axons, and they striofugal group neurons. 


not, however, the corpus striatum large polygonal cells 


There are 
the type the betz cells the motor cortex 
alibre the 


very fine, and that the larger the ansa fibres 


the ventral cornual cells the spinal cord Again, the 


internunc 


s less than that of the fibres of the 


Without 


adjacent cortico-spinal system. 


emphasis these structural differences, 
function 
the corpus striatum and its not, man, identical 
with the function the motor cortex and its projection-system. 
For anatomical reasons, therefore, apart from any other considera- 
sibility the existence the 


the 


any way analogous precentralis must regarded 


phenomena pseudobulbar paralysis placing hypothetical centres for 
the corpus striatum, but Brissaud apparently imagined 


lenticularis 


spinal systems. is, however, 


direct anatomical path the 


additional anatomical fact not wit interest that the globus pallidus and its 
t i ii ne 1 i i iparat ul n foetal lif 
1 of held tl e appearar f ] 
ersal applica Edinger says surprising that the basal forebrain bundk 
" linated early, e.g., in the young frog and salamander, and hold 
that ‘‘if medullary sheaths are developed whenever certain portions the brain come into 
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appropriate motor nuclei from the corpus striatum. movements akin 
the movements articulation can obtained stimulation the 


putamen globus pallidus and shall see later that phylo- 


genetic evidence indicates that man unlikely that the corpus 
should possess more elaborate motor functions than apes 
Mingazzini imagines, explain the phenomena aphasia, 
path from the cortical speech centre the putamen, and 
asecond verbo-articulatory from the putamen through the globus 
pallidus the crus and the pontine and bulbar motor nuclei 
The probability certainly that such system 
mpossible 

anatomical grounds the localization automatic movements 
the corpus striatum, its description subcortical motor 
centre whose motor function any way analogous that the 
motor centres the cerebral cortex, cannot entertained. 
independence the motor cortex and the corpus striatum, 
peculiar the latter, make these views 

and physiology has important bearing the function the corpus 


striatum. 


the whole vertebrate series the corpus striatum prominent 
organ. very old structure, consisting 
basal part the telencephalon fore-brain cons 

the higher vertebrates: reptiles and birds there are additions 
the shape (1) the archistriatum, corresponding the 
represents the putamen and caudate nucleus. 
lobus pallidus the oldest part the corpus striatum not merely 
but also Its cells develop 
mammals earlier than those ther divisions, 
tibres the rest the striatun 
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is, indeed, primeval This basal bundle 
fore-brain bundle (basal strio-thalamicus 
centrifugal, i.e., efferent motor, and links the the 
optic thalamus and the motor centres the mid- hind-brain 
and spinal cord. According Johnston this linking the 


striatum motor centres situated caudally effected means 


the fasciculus longitudinalis medialis (posterior longitudinal fasciculus 


ti 
the oral end which continuous with the caudal extremity 


striatum broken once the thalamus, and the fibres 


probably make connexion with widely separated motor 
brain and spinal cord. the same motor 
the same author, found all vertebrates, 
i the cerel | « te Whatever be the case in the lowest vertel ite 
longitudinal fasciculus the and man 
have the same function its homologue mav have had 
monkeys) that only few fibres unite the fasciculus the 
t t nus nd es re all atferent to the thalamus or cent petal 
stan rebral funetion moving away from its original localiza 
tion with the vertebrate species. Like the ansa 
ticularis, the longitudinal fasciculus has, part least 


wever, does not describe the original 
xtending directly beyond the subthalamic and the substantia 
nigra higher the level the posterior colliculi the 
though is, has disappeared. Van Gehuchten 
described original tractus following the course 
ist mentioned, but not clear whether considers the posterior 
lonvitudinal fasciculus its homologue, whether admits that the 
path really indirect. says has not yet been found 
mammals, which believes replaced the cortico-spinal 
path. 


thalamus and mid-brain, meduila obloneata 


$l] . in the lower ve rtebrate ® have shown that 


a 
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and cord double connexions, both and relation 
the trigeminal system particular, both motor and sensory, seems 
very close. This well seen the reptilia. well recognized that 
the rule double connexions between nervous ganglia obtains almost 
universally the system vertebrates, that while the main 


connexions the are striofugal cannot suppose that 


insulated from sensory stimuli any way; the contrary, 


must conceive the correlation-centre for various 
sensory (olfactory, gustatory, from which passes caudally 
efferent tractus strio-thalamicus, with connexions, for the execution 
The part the striatum associated with olfactory 


motor impulses. 


impressions more particularly the archistriatum, the homologue 
the nucleus man. The archistriatum connected with 
tertiary olfactory path, and Ariéns thinks that 
mammals part the corpus striatum may subserve olfactory 


function. However, this may, the nucleus can 


readily distinguished from the neostriatum (putamen and caudate) 
with which continuous only appearance; its cell maturation 
later than that the and earlier than that the 
neostriatum, and, Vries says there doubt whether may not 
really pallial origin, while Elliot Smith has shown that the 


junction there confusion owing the rapid growth 


(among others) the olfactory cortex the neighbourhood the corpus 


striatum, may leave the archistriatum not being further 


interest for our subject. 

Looked from the point view comparative physiology, may 
regard the original corpus striatum, Elliot words, 
part the original cerebral hemisphere whereby impressions smell, 


influence 


and doubt other sense may 
the nervous mechanisins regulating movement 


The then, has projection-system which consists 


the basal bundle, tractus strio-thalamicus 
and which continued, according Johnston, the faseiculus longi- 
tudinalis medialis, least part the latter; this 
him the primitive somatic motor 
considered the homologue the 
instance, in the fishes, the sol descending tract that can | Cc lipared to 
the cortico-spinal motor hig 
With the progressive development the brain the 
become more complex. When pallium develops above the original 
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motor centre, reptiles, birds, the descending 
paths are doubled. The earliest appearance cortico-spinal fibres 
separating the two parts the neostriatum and blending with the 
Lange. state affairs the bird’s brain particularly 
remarkable. Kapper’s view possible the 
neostriatum birds acts vicariously for the neopallium 
the tractus strio-mesencephalicus are mingled fibres both striate and 
pallial origin, and the suggestion made that because the 
necessity for space the brains birds that such state 
obtains. should not forgotten, however, that 
Mills and others have shown definitely that the 
pallium birds electrically inexcitable Ferrier obtained move- 
ments all; noted simply movements the iris and eye- 
ball. brain, its turn, very different from that 
the birds and reptiles. reptilia have olfactory birds 
visual and olfactory the lower visual, 
olfactory, auditory, and tactile pallium. With further develop- 
ment the pallium afferent systems are pushed beyond the level the 
thalamus and corpus striatum reach it; and while 
detinite cortico-spinal motor system developed the primitive motor 
projection-system the corpus striatum disappears, or, rather, 
reduced the ansa lenticularis, which does not extend beyond the 
nucleus function replaced that the cortico-spinal 
pyramidal tracts 

some ways there parallelism between the development the 
corpus striatum whole and that the The former, con- 
sisting originally possessing motor and correlating 
develops the addition neostriatum (putamen and 
caudate) which found for the first time the lower reptilia and 


increases relative size through the lizards, birds and mammals; 


proportion the corpus striatum whole the pallium develops 


increasingly through the vertebrate series the analogy does not 
far; while the function the usurps that 
system not know that the neostriatum abrogates 


the fact the exact relation these 


two each other functional activity far from clear, that is, the 


Whose pallium still comparatively insi 
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apparently, the only investigator who has devoted attention the 
matter. believes that just the higher mammalia and man the 
pallium has taken the place the corpus striatum whole, the 
neostriatum (putamen and caudate) takes the place the 
(globus pallidus) birds. his view, further, the connexions the 
neostriatum with the thalamus indication that the former has 
functions relation the fillet and trigeminal systems. 
the case birds, this view does not commend itself the case 
animals with developed pallium. experiments apes 
show conclusively that the has projection-system its 
beyond the with the possible exception few 
caudate-thalamic tibres, the neostriatum not connected the thalamus 
subthalamus all; the globus pallidus which through the whole 
vertebrate ries possesses the This 
perhaps suggest that the corpus striatum should considered 
physiological unit, or, rather that the functions the and 
are blended. 

will understood from this brief sketch, then, that one stage 
the development the vertebrates the thalamus and corpus striatum 
functioned brain miniature, the latter being centr 
with the translation sensory into motor 
even the best, its motor functions must have 
with the complexities the pallium the the 
development the corpus striatum and 


depreciated ; they have had to aban lon the I’ position of hie irehy n 


the field motor activity. Thus the facts comparative anatomy and 
support the evidence derived from experiment view 
the changing importance the corpus striatum becomes 


matter allocate its function the various groups; its function 
not necessarily identical with its function apes 
the curious and unique features the bird’s brain demonstrate con- 
clusively that evolution not necessarily progressive, from the strictly 
motor point view the corpus striatum seems have been progressively 
shorn its possessions proporticnate size man less than 
the lower animals, and may that the superman the 


future will have corpus striatum all. 


have seen that whatever function the corpus 
possessed there experimental evidence apes show that 
xercises motor function comparable that the motor cortex. 
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movements. electrically inexcitable, and comparatively large uni- 
lateral lesions not give rise any unmistakeable motor phenomena 
short, the only proofs that does possess function motor 
order, the widest sense, must say should expect 


exercise view its phylogenetic history and the facts anatomy, 
are obtained consideration clinico-pathological data 

have gone fully into the question the physiology the corpus 
this place; suffice say that that paper arguments are advanced 


support the view that the corpus striatum structure which 


exercises steadying influence, the lenticulo-rubro-spinal projection- 
the from the cortico-spinal svste 


the common path lower motor neuron, and that 
Way concerned with the maintenance the skeletal 
owe the genius Sherrington the conception the 
‘final common path.” the commencement every reflex are 
receptive neuron, Which reserved exclusively for impulses generated 
one single motor neuron the other end, how 
ever, receives impulses from many receptive sources. “It the 
path which all impulses, matter whence they come, must travel 
are act the muscle fibres which leads. Therefore, whil 
the receptive neuron forms private path exclusively serving impulses 
source nly, the final efferent neuron is, say, public 
And again, reflexes originated different distant points, and passing 
through paths widely separate the brain, converge the same 
nechanism (final common path) and act upon Reflex 
from widely parts conjoin and pour their influence har- 
moniously into the same The motor neurons muscle 
the knee are the terminus quem flex ares arising ptors not 
only its own foot, but from crossed forefoot and pinna, and tail, 
also undoubtedly from the otic labyrinth, olfactory organs, and eves 
Thus, take standpoint any motor nerve muscle consists 
number motor neurons which are more less bound into unit 
mechanism: amone the reflex actions the organism number can 
all brought together group, because they all their course con- 
verge together upon this motor mechanism, this final common path, 
activate it, and are harmonious mutual relation with regard 
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This illuminating conception “final common 
further applied Sherrington detailed manner, but implication 
may applied the problem before view which hold 
the function the corpus striatum and its projection-system may 


expressed follows 


Cortico-Spinal 
Tract 


Spinal 
Tract 
Vastibulo Spinal 
Tract 


Lenticulo Rubro Spinal 


Final Common Fath 


(lower molor neuron 
7, 
Skelelai 
FI at Diagra it rey i i 
muscies Vi hie pa i er! 


Various influences act harmoniously the final common path 
the lower motor neurons: (1) The cortico-spinal motor system extends 
from the Betz cell the arborizations round the anterior 
cornual cells, and its innervate, conduct innervating 
impulses, originating know not how the cortex, the final 
common path. this impaired destroyed lesion the 
result paralysis. (2) The cerebellar system also exerts 
the final common path. Its ganglion the cerebellum, from which 
extends series internuncial neurons the lower 
neuron. The cerebellum exerts co-ordinating 
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nfluence the stream innervation passing from the rolandic motor 
vid the final common path the muscles. The routes 
which cerebellar influence exercised are complicated some, perhaps, 
may pass the tractus cerebello-tegmentalis the opposite nucleus 
ruber and back the spinal cord the same side; some travel 
the superior cerebellar peduncle, contralateral optic thalamus and con- 
tralateral cortex and back the final common path the cortico- 
spinal this case the latter becomes 
path opposed the common path, and Sherrington 
makes clear that such internuncial common paths are means 
infrequent. For the sake simplicity, however, shall indicate 
cerebellar influence our diagram independent path. lesion 
the cerebellar path results inco-ordination ataxia, better, 
dysmetria, there paralysis. (3) Another important reflex 
path carrying impulses act the final common path 
vestibular. extends from nucleus (to which there 
private path labyrinth) the vestibulo-spinal tract the 
anterior additional allied mechanism perhaps con- 
stituted the posterior longitudinal fasciculus, which 
nucleus and also passes the anterior horn-cells. 
with the function the vestibular element the activity the 
final common path results in what is called by the French school 
course commonly held that some least the 
cerebellar influx the cord transmitted Deiters’ nucleus and the 
vestibulo-spinal path, and this may very well desirable 
attempt separate cerebellar from vestibular elements 
innervation, and for purposes, any rate, one 
may properly distinguished from the other. (4) Finally, there 
path, conveying the corpus 
the ansa lenticularis, nucleus ruber, and rubro-spinal tract, 
the anterior cornual what impulses originate the 
corpus striatum may depend stimuli from the 
thalamus thalamo-striate any case, the evidence for 
the action corpus striatum impulses the final common 
path, the route just not lightly set aside. have 
said that this influence one which steadies pyramidal innervation 
the final common path. the absence this influence tremor 
likely occur, and, rule, with increase pyramidal action 


will the tremor increase. isan action-tremor. The reader referred 


tomy monograph for full discussion the evidence associating tremor 
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Well hypertonicity the skeletal muscles with defect function 
this internuncial system. 

The accompanying diagram (fig. 26) indicates sufficiently, and 
manner, the way which conceive the corpus striatum act 

One two questions remain for brief discussion. may 
asked, this the function assigned the corpus striatum, and 
these the results interference with that function, how have 
been unable obtain such symptoms apes whose 
laris has been completely degenerated, whose corpus striatum 
large lesions have been placed? may said way response 
that the data mentioned above, Section (2) this chapter, will show 
how are the anatomical relations and proportions the pallium 
and corpus striatum different animal species, and will understood, 
has already been remarked, that the function the latter 
apes may not identical with its function fact the 
probability that not identical. should borne mind this 
connexion that the volume the total encephalon taken 100, 


the proportionate volume the basal ganglia the ape, 
the dog, 11; the sheep, 14; say, there 
certainly structural differences this matter between man and the 
Again, there are undeniable physiological the various 
animal groups, far the independent action 
motor centres are concerned, Complete section the cervical 


dorsal cord the frog does not diminish muscular tone the limbs. 


tone, Which soon returns, but not quite the same degree befor 

the ape, there persistent and marked tone; man, 
there definite and complete abolition tone. Analogous results are 
obtained when the motor area the cortex these respec- 
tive animals, far the region innervated the destroved cortical 
zone concerned. Again, well known that the degree 
movement lesions destructive the motor cortex and 
man varies completely extirpating the hand area 
from the right hemisphere chimpanzee Griinbaum and Sherrington 
immediate severe crossed brachioplegia, but diminished rapidly, 


and six weeks’ time the animal had measure recovered 


usefulness the limb. dogs and other animals lower the scale 


the resulting paresis even slighter and the recovery grea 
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should als noted that did not allow any animals live longer than 
weeks, While there is a possibility that longer time should ela, ifter the n before tl 
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fact, the expression conveys very different 


according speak one other animal group. 


Mills has said, the rabbit, cat and dog, for instance, the motor 
centres the cerebral cortex are not the same functional plane. And 
this equally true higher mammals. There are differences the 
the various motor centres, moreover: man, take 
but one example, all movements are not equally readily abolished 
cerebral disease, equally readily restored. possible remove 
the entire cerebrum the pigeon, vet capable when 
thrown into the air hour later. the day the removal the 
cerebral centres from the limbs, rabbit will jump 
week after removal the crucial motor area, puppy walk, 


run, scratch, Obviously not the with the 


show that man much 
dependent his motor cortex than are the lower animals, and the) 
inatomy has already emphasized—that corresponding 
the importance rpus striatum for motilitv are only 

The matter may put another way. all the vertebrates 
there are higher and lower motor centres: all, the latter are con 
stituted by « ections of grey matter in the cord and medulla and pons ; 
corpus striatum the lowest verte- 
the superior grades. The assertion 
that the degree independent action the lower motor centres 
int less highly developed than the more highly deve loped 
its lower motor centres different from that the cortex 
lower motor centres. The corpus striatum, phylogenetically speak- 
has never been lower motor and the event cortical 
defect function the degree inovement possible will depend 
the lower motor centres, which the corpus striatum 
not one spite the general similarities between the brains 
ipe and man, cannot assume that lesion the corpus striatum 
the one will result the same disturbance motility found 
with analogous lesion the other. 

have seen that birds there may vicarious functioning 
the corpus striatum for the The 


whether man any compensation for pyramidal failure possible 
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extra-pyramidal routes. own opinion that this extremely 
unlikely. have neither anatomical nor physiological 
for such hypothesis. The suggestion has been made Probst 
among others, that the have extrapyramida 
paths capable functioning for the pyramidal path. these means 
the tractus tecto-spinalis, rubro-spinalis, They descend the spina 


cord from the mid-brain. the first place, have anatomica 
knowledge the way which they might conceivably reached from 
the motor cortex, except far there fronto-rubral tract 
Again, compensation, this kind noted, possible, should 
met with constantly: this, however, not the case. 
motor paralysis certainly occurs man. for the from 
which these descending arise, they 
for anatomical reasons for other, developing that capacity for 
complex and varied movement which would justify their being described 

basal ganglia and mid-brain deprecated. are using two 
motor cortex and the nucleus ruber. sole subcortical motor centres 
which exist are the columns motor cells the anterior cornua, with 
their bulbar and pontine homologues. There may be, and probably is, 
man, latent power subsidiary development adjacent (perhaps not 
necessarily adjacent) areas and tracts compensate some 
extent for loss pyramidal function thus when patient cannot write 
with his right hand, owing hemiplegia, may learn write with 
his left hand, with his foot, even with his nose may indicate 
aftixed his signature document holding the pen his teeth 
and making appropriate movements with his head. Apart from this, 
however, lesion the pyramidal system man entails permanent 
loss certain movements—a state which does not appear obtain 
the ape. The degree which the spinal cord capable automatic 
function has not vet been investigated, far man con- 
cerned, but known that the lower animals—-Goltz’s dog 
classical instance—the spinal cord achieves very much the absence 
the motor that instance the corpus striatum, well the 
cortex, was removed old the ror Commodus decapitate 
his ostriches the arena, round which they nevertheless continued 
perambulate for long time. probable that man the sub- 
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cortical, medullary, motor centres not possess, rather retain, that 
faculty ndepe ndent action characteristic creatures lower the 
scale. But there vestige evidence, repeat, that man the 
corpus capable assuming long-lost function and acting 
vicariously for the motor pallium. Its motor funct: has gone, 
never return. 

One final question remains. Admitting that the corpus striatum 
has longer any motor activity comparable that the motor cortex 
the spinal cord, and that its motor function one 
purposely avoid using the difficult word innervation 
streams along the final common path, there any evidence suggest 
that the organ under discussion has developed other ways, and that 
Does bear any relation organic, visceral activity? Has 


with central representation the and autonomic 


Langelaan has put forward the hypothesis that the corpus 
striatum, with the body Luys and the substantia nigra, the highest 
motor centre for non-striped muscle. great deal attention has 
been devoted aconsideration the view that the corpus 
striatum heat-regulating centre; also centre, vaso- 
motor centre, blood-pressure and pulse-controlling centre, and on. 
There are obvious difficulties the way accurately determining such 
experiment, and the evidence hitherto adduced far from 
convincing, besides being some ways contradictory. The variety 
animals operated also very important complicating 
experiments evidence was obtained any disturbance respira- 
tion from stimulation destruction the putamen globus pallidus 
And, further, the question must always remain, assuming any 
these functions for the sake argument, how are they carried out 


Until have clear anatomical proof the connexion the corpus 
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striatum with recognized bulbar centres, direct even intercalated 
neuronic communication, cannot get any further such matters 


Such anatomical proof, far knowledge goes, not 


forthcoming. 
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ecello (bird). ecello 
Napoli (Naples). Napoli. 
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showed signs partial sensory aphasia, amnesia verborum, 


paraphasia, paralexia, and almost complete agraphia 


Oct 1910.—The patient always taciturn: spends 
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able put his vest and shirt properly, but unable 
unless the nurse puts his shoulders, when 


Often, after putting one shoe and sock, goes out the 


walk about, carrying the other his hand. does 


Fic. 1.—Photograph the brain seen obliquely from above. 


contrast 
normal volume the convolutions. 


succeed putting both socks without the assistance 


every morning, while sitting his bed, draws his 


then puts his hands into his shoes, then, however, following 
and indications the nurse, finishes putting his 


properly. eats, for the most part. with his hands, but 


etween the enormous atrophy the convolutions the 


= 
t on his co 
ses quite well 
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Fic. 2.—Photograph the prefrontal lobes the brain, seen from Note 
enormous extent the atrophy the correspond convolut 
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nages his spoon well. night undresses himself properly and folds 
neatly. 


The late appearance and slow progress the symptoms aphasia, the 
kes any focal symptoms, together with the ever-increasing 


senee stro 


the right cerebral hemisphere the brain the same patient. 


spicuous atrophy the pars opercularis and the middle 


} Photograph of the left cerebral hemisphere of the same patient. Note the serious ce 
phy the pars opercularis and the middle portion 


patient was developing progressive 


trophy the cerebral convolutions, which must attributed the 
nereasing speech This diagnosis was contirmed his death, which 


ecurred on December 15, 1910 3 
nothing amiss with the mater. The pia mater 
rmal and easily removed from the cerebral convolutions. 
the hemisphere the frontal sagittal convolutions, especially the first and 
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volume (fig. 1), and searcely attain half their 
: : || seem of an almost fibrous consistency to the toucl The med 
and and especially the gyrus are 
i+). Thee rrespol ling sulei eel uslv enl 
\* 14 
.” 
4 
\ 
4 tangential tibr \ very J raretact tt filr ft lu 
4 t transverse fibr I the su} 1dia xu } t | t f 
reduced, although considerably less degree the case witl 
reduced as that of the e rresponal! convolut the lett sict the 
F zones Where the convllions trop! i, the } ! te sed here ! 
4 there into little evsts ¢ taining cle s s | la 


APHASIA DUE ATROPHY THE CEREBRAL CONVOLUTIONS 


For the purpose studying the condition the cells, and the nerve-tibres 
the cortex the atrophied and especially those 


the acoustic and motor word spheres, examined measured points the 


and left, the opercularis and the passage zone the 
the lower extremity gyrus and the median point 


these were stained either with wit 


ft} | f ) ft | r 
f them Visi lullar 


In sections cut at the level of the zone ol passage between the pars opel 


ularis the left and the lower extremity the gyrus (fig. 


the nerve-fibres composing the medullary axis are very scarce, Many are ver\s 4 
thin nd d o time in such a manne} s to have ictual 

mol vm s ict rad il bundles taking part in the tormation ot the q 


nfra- and supraradial plexuses are attenuated, and the nerve-fibres accompany 


ing them are broke and lilated some ol the transverse fibres have 
lisappeared, almost all that remain are broken and very rarely 
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masses and fragments (of myelin) which are arranged without any order (fig. 8). 
the way, the transverse fibres, and also the radial fibres making 
the two plexuses, have disappeared much larger numbers. The tangential 
tibres are reduced few irregular fragments occurring here and there. Here 


observe the same alterations the The number 


preserved, however, relatively larger (fig. and tig. 


In frontal sections of the cortex of the nx lian part ol the left T there are, 
the medullary axis the Pal preparations, numerous small bundles well- 
preserved (fig. 5), though here and there fair number degenerate 
lullated occur, and small masses and drops myelin. the 


tud numerous little which are mor 

} i t by | 
rly all have, eve moniliform structure owing their having 
preserved the preparations the following facts are 
pser'y ( siderable numb ol } ve-cells e seen to have disappeared, 
tig. almos iniform manner all the strata. those which 
still been preserved are clearly seen the nucleus with its network 
nd nucleolus, in many the cy ypli 5 is almost com} letely filled with granules 
yellow pigment: others the cytoplasm has great measure dis- 
ppeared and only stains slightly (fig. not few the 


midal cells seer truneated, while others the surrounding 
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protoplasm has comple tely disappeared, and 
the nucleus the nerve-cell from 

cells the glia are normal 

the said convolutions are the 


to those deseribed and ftigui 


correspondence betwee 
taken place the 

are relatively 

the left 

able alterations, w 


altered to a mucl 


it is not always easy to distinguls 
lei the gli The fibres and the 
ily the periphery the 
their thickness and 
c 
4 
fer 4 
Pvpes of 1 ft t f tl t | to th 
and to the audit spe ft lef Stained with 1 toxy I 
ment, Leit lar, ¢ 1, tive 14 ( ry tot 
4 } 
cand pyramidal lls from the cortex the ris left 
cytoplasm is slightly « ired ; i t | nt ‘ reat part of the latter 
s eand f, nerve-cells l ng to t rtex of tl ft T'; in e the cyto; ! rt 
4 d appeared, a the prolongation ppear f truncated ; f the cytopl ! t ! 
degree, invaded | thie ell | 
h the changes in t nerve-cells, and tf se Whit Hay 
4 inges in the fibres ire verv great, T ose ll the nerve-cells 
4 
iceable. the other hand, the passage zone 
the nerve-cells present extremely notic 
the medullary though certainly changed, 
extent 
Bas 


APHASIA DUE ATROPHY CEREBRAL 


nerve-fibres of the 
those the supra- and int 


ils » but little reduce l, alth rl 


raradial pl xuses: the tangen 
igh fairly numerous varicose dilatations 


e level oi tl 


the right 
medullary axis, 
In secti th passage zone the pars opercularis OF 
right the adjacent part the gyrus the medullary nerve 
4 
a 
‘ 
rl Se it ott lett 1’ (stan iwith | toxvill hiargement 
j lar 2. L h ip} f many \ il I th a 
t tl ract t to the! fa le portior tl toplasm 
appr Well pres ved, iy some rare Varicose swt ngs are see 
in the tangential fibres ind In some of the vertical fibres of the infra- and a 
lavn 
plexuses 
the pars opercularis the the changes are greate 
than in the other tw nes, many «1 the tangential fibres have disappeared a 
while these, and also the numerous varicose swellings 


506 ORIGINAL ARTICLES AND CLINICAL CASES 


occur. the the medullary axis the disappearance some fibres 
noticeable. 

the nerve-cells the right most the has disappeared, 
und few only the cells are missing, although larger number have dis- 


] 


the sections the passage zone from the right the gyrus 
and still more the pars opercularis the right 


Section the cortex the point origin the left 


gyrus precentralis (stained with The tangent fibres, and 
rming the infra- and supraradial are much rarefied; the sam een 
medullary axis, and lly the basal port 


the period between 1907 and 1909, the patient showed disturb- 
ances his speech, which gradually increased, and consisted the use 
unusual words ordinary conversation (paraphasia and echolalia) 
also experienced understanding many questions. After 


pte 
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SUMMARY. 
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two years (March 1909), the examination the patient 
revealed true partial sensory aphasia (with echolalia and 


perseveration), associated with and almost complete agraphia 
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some dysarthria was noticed his repetition words The 


February, 1910, the sensory almost 


was extremely further, condition 


advanced dementia showed itself, accompanied symptoms agnosia 
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October, 1910, the speech disturbances had become still more 
serious; the word deafness, the alexia and the agraphia were complete, 
while voluntary speech was almost entirely absent. with these 


progressive disturbances speech condition mental weakness 


developed, which last became true dementia and was 
with symptoms agnostic apraxia, and psychical blindness 
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Two months later (four vears after the beginning the disease) 


p itient died. 
The 


temporal convolutions, 


reveale d severe 


the left 


side | 


histological examination showed severe 


fibres the convolutions 


ensu lato) and these change 


eal and anatomical features wit! 
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the 
and 


the 
and 


atrophy the prefrontal 
the most atfected, while 
alterations the nerve-cells 
the 


being greatest ihe left side. 


belongin region 
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will well compare its 


results obtained other 


Is 


uniform, and consists 


he long 


speech and 


ther the mental processes 
the lescribed Bischott, the power understanding words 
extraordinarily impaired that the repetition words was 
juite intact the autopsy, atropl both the temporal lobes was 
vealed, left one being the most 
able speak spontaneously, though inter- 
clear signs paraphasia. understood questions, but 
repeated interrogatory form, and then the 
sease prog the patient longer understood the sense the 


rds, which still repeated, 


utomat holalia) and his 
reduced 
ntal and poral 
temporal lol the smallest all 
pia were ves les containin r cle 


pital cornu also found 


vation 


spontaneous words became 


revealed atrophy 
especially the apex the 
left and 


were the 


sections the right 


lilated, and especially the 

subependymal region 
white matter 
the brain 


writers, where the 


patie nt was 


tbnormal dilatation of the left 


hasmuchn as 


motor 


typical, 


CRITICAL CONSIDERATIONS. 
their first case aphasia, Marie and did not record any 
ppreciable alterations the horizontal 
sphere, the lateral ventricle was 
ipper portion the occipital pole the 
the hemisphere appeared much 
there were no lesions whateve 
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aphasia, first temporary and afterwards permanent, was associated with 
paralytic dementia, there were found the usual lesions this psychosis. 
further the left the degeneration the nerve-cells and 
white matter had reached more advanced stage than the rest 
the brain. 

Shaw’s case, the aphasic symptoms, consisting word-blindness 
and word-deafness, suddenly manifested themselves; the patient was 
suddenly seized with paralysis the right arm. The 
wards disappeared, but thenceforward the patient was with 
slight incoherence speech, and addition showed signs word- 
blindness and word-deafness. the autopsy, atrophy was revealed 
both the gyri angulares and both the and case is, how- 
ever, exceptional, and very doubtful whether these disturbances 
the speech were present before the occurrence the stroke. 

Mills’s case, where have with man who had 
from complete word-deafness for thirty years, without any 
his condition, was found the post-mortem that there was con- 
siderable atrophy and both sides, but chietly the left. 

Edlich’s patient, change was first her character and 
manners, together with reduction her command words: after- 
wards real motor aphasia gradually developed, associated with sensory 
aphasia, which was incomplete first, but afterwards became complete, 
and was accompanied agraphia and total alexia. The patient only 
showed signs sensory apraxia. the last stage the disease, 
patient’s conduct was increasingly insane; she longer 
persons and rooms, wandered about aimlessly, rose might, and dis- 
played marked tendency laughter and tears. the autopsy, the 


le crease 


weight the brain was found reduced 893 grm. This 
weight was due advanced atrophy both the frontal lobes, 
the corresponding sulci the pia formed cysts large hazel-nut 
The parts most atrophied were the posterior portion and the left 
insula. 

case, No. (published 1902), which was that woman 
(illiterate), aged 67, the first symptoms appeared after slight stroke 
they consisted slight dysarthric troubles (the patient pronounced 
words badly and scanned them), reduction her command 
words, and slowly progressive incapacity for 
meaning words. These symptoms continued increase slowly thus, 
few months before her death, the patient did not understand 


word, and could only pronounce certain (be, be, po, po, 
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Macroscopic and 


showed that the convolutions were reduced 
that their external surfaces were shrivelled and dark 
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matt the cerebral cortex and the cerebral 
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Histological examination technique 
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verbal and tvpe), less evident emotion But 


dominant symptom was verborum; the patient when 


sked name object alway replied not know what 


the post-mortem the first case was found 
trophy convolutions, and especially the left frontal and 
t that ts welgl was reduced to erm atfection 7 
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investigation speech revealed the presence paraphasia 
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functions are intact. Dejerine’s case, the other hand, the patient 
repeated the questions, although, rule, did not understand the 


sense from dictation, was the sounds the 


words, and the chief mistakes were those which anyone (writing) would 
make, through failing understand the sense what was dictated. 


l lol 
1 1OvDeS, 


the post-mortem was found symmetrical atrophy the tempora 
above and before were reduced half their normal volume, 


that the insula was exposed. Their cortex had more 


than that the rest the hemispheres; the pia was adherent, 
scopic examination revealed the disappearance the tar ntial 


the nerve-cells the molecular strata, the the radii and 


the short association fibres, well decrease the number the 
pyramidal cells, especially that the small ones 
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behaviour during the early stage the disease, but was less 


and plaved chess all His powers reading, writing 
copying, and understanding spontaneously were 


first patient man, aged 62) was correct 
perfect. With the passage time (eight years) his power criticism 


weakened, did also his capacity for ass leas 


when he Was received ni tne hospit wed tl Lhe mot n | 
he was able to read and to write from dictation On the oce nota | 
second examination was observed that the conditions speech 
unchanged, though uttered few words speech 
listurbances remained until nts death, took 
found mucl luced, the atropl ind 
was relative larger than either the 
tions (including the Lp tl right tem) ere ! thar 
normal Microscopic investigation showed that the medullary nes, 
which were much reduced, the 
notably dilated, and that enormous number nerve-fibres had dis- 
ippeared from the cerebral « te iS } 
were greatly but they had stly preserved their 
structure; the nucleus was, general, well 

Stransky’s case was noted that the patient could not under- 
stand the sense many words, and showed 
repeating first the question addressed not echolalia), 
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speak spontaneously could repeat 
also some songs, but nothing else will 
tendency word-perseveration used 
paralexia, and did not clearly under- 
neapable writing, and even copying 
patient was unable recognize 
e commonest objects He manifested a 
what saw others doing 
found present, especially the 
convolutions being 
the cuneus, the pra- 


the atrophy the said 


find that aphasie disturbanees are 
the prevalent symptom 1s per- 


tally, the disturbanee becomes more and 
troubles, the verbal and 
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inderstanding the questions, 
mple with the progress 
sumes form, for 


Occasionally these symptom 
hich later gives place 
patient speak merely results 
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the use and significance 
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and were sclerotic and calcified; the nuclei were poor chromatin 
and there were giant pyramidal cells the same level some 
the convolutions, which were darker colour than normal 
said, that the lesion causing the symptoms 
atrophy, which rarely extended the whole cerebral cortex, 
was limited, although not exclusively, the temporal convolution 
else the frontal lobes, usually the left one. corresponding hist 


logical alteration resolves principally into primitive degenerat 


the nerve-cells and medullated fibres the grey matter the cort 
ind the axis the convolutions 

Phe reasons that atrophy one time att the 
ind another only affects certain parts, are sent quite unknow 


depend upon the method the distribution the arteries, 


precentralis, why the middle the gvrus supren 

much more frequently attacked than the 
bances and the seat the rtical ves. those case 
Dejerine, Pick No. tropl 
convolut ns were ¢ sively, I } 

the other hand, motor-aphasic sympton 
ilso ittacked thi pars p cularis of F together with the ther « 


were ilso recorded the lett 
atrophi d than the r Cony I 
The relation ne, whicl the seat 
and certain specia vel 
some investigators, the fact that aphasia gradually produces 
loss command words due the atfection the 
temporal convolutions, while others hold that under 
the process not limited the temporal lobe, but extends the othe 
zones the This the opinion Pick; points out 
that the course senile ati phy the brain, even where 
lobes are also much atrophied, noticeable los the command 
words even the patient longer understands what 


tous. impossible conceive that this behaviour 
hypothesis would not explain why the disease sometimes 
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sion that attacked. This idea confirmed case where not 
mly was affected, but the whole the pars opercularis 

the word-deafness, Pick holds that, his case, was not 
juestion want perception words, because the atrophy had not 
begun the same opinion, since his patient, though 
was ill for about eleven never lost his power understanding 


(nor did his command language 


ition showed that the was relatively little affected, and that 


trophy had chiefly attacked and together with the 


temporalis. This opinion also present case, since the 
and especially the median zone, were much atrophied, 
together with those the left side, and the histological alterations 


corresponding cortex were considerable, particularly left 


side, while patient had almost completely lost the power under- 


tanding the significance words. This, hand, tends 
further the the bilateral nature the seat 
rudit word navges 


Opinions are variance concerning the seat ammesia verborum 


nelined think that the centre for 
ind, the left, these three convolution 
fected the contrary, holds that morbid 
ess the angularis and part the rus supra 


mptoms aphasia. This opinion not shared Rosen 
eld, any considerable reduction these cerebral 
the rebral Rosenfeld, however, draws 
process, but this extended the said three convolutions 
npossible come favour either view, for while 


t true that the three convolutions just mentioned Were atrophied, 
nly partially, nevertheless the and 
the convolutions the prefrontal lobe, were also 
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old age, the found recalling words due 


parts which, their turn, have become difficult excite. Therefor 


conveved the visual cortex, and the revival the conceptu 


complexes, are longer strong, the zone the sens 


aphasia begins atrophy, and that, further, mental visual stimuli 
not succeed them If, then, both the spheres are 
Incipient ati pl v, but one more seriously than the other, as in many 

our Cases, t s cleat why, even from the bevinning of the disea 
aphasia symptom often associated with visual agn 

blindness, are often found our cases remind the reader 
the nerensed mwhness of dentificat ! the feel Ol dis rientat t 
want visual attention, and hence lift comprehending 
whole together with the parts All these troubles find 
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consists only of ul nsory aphnas motot 
atrophy, and fin llv, the wider the ati pn becomes diffused the more 


clearly the sensory disturbances and the signs dementia 
manifest themselves This does not testify completely favour the 
idea that the whole cerebral cortex contributes the comprehension 


the 


nification heard verbal symbols (v. Monakow). Cert unly 


the more difficult it 1s to evoke a re presentative Image in consequence Ol 
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the manner which the aphasic troubles have developed, 
not be easy to eve in opinion on the pathovenes ot the aph 
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displaced cells the rabbit the plexiform 


would thus exposed contact with other bare fibres 


Cajal states that these cells 
morphology but the mass accompanying 
which surround the axon and base 


] 


suggests insu 


ating capacity for the satellite. 


pathological conditions the satellite becomes 


this true the acute 
been studied Alzheimer great detail 
methods. include the toxic and infective 
toxic states, well the severe 


diseases status epilepticus and the 


veneral these conditions the cell 


are increased number and show, 


and their 
this 
the 
cell, and her 
ereater in 
which 
d of sper il stain 


man 


methods, large protoplasmic which may take 


contain lipoid, fuchsinophile, other 


sections were follows 


Lhe 1) 


ns ¢ 


lave 
the 


and 

neurophagic. Alzheimer’s work leaves little doubt that 
reactive cells are glial origin, but not active the 
tion 

Another change the normal relation cells 
nerease number without the variety alterations observable 
processes This the condition spoken satellitosis, 
the stellate 

fifty cases forming the basis the present stud select 
form five groups ten each. These are: Maniacal depressive 
dementia, general paralysis ale 
insanity. three types are included among dement pra 
cases, While the cases the senile dementia group have been sel 
exclude those brain disease, not those show 
moderate cerebral atroph leros 

With the counts have been made from materia 
methvlene blue. The ex ‘eptions Lr cases vhicl 
brain was fixed toto formalin. material was also cut 
sections the method and stained thionin, that 
results should comparable within reasonable limits 
cases five areas from the neopallium were examined. The sites 
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STUDY THE SATELLITE CELLS MENTAL DISEASE 


Precentral motor cortex Block taken from about the 
d-portion the ascending frontal precentral gyrus 
itely the arm area 

Postcentral Block taken from the ascending parietal 
postcentral gyrus opposite the precentral block 

cortex Block from the frontal gvrus the 
the great longitudinal about midway 


ontal pole and the some the this block 


showing stellate laver and hence the true 

+ + + ] 


and hence probably the intermediate precentral 


Temporal Block from the first temporal gyrus, lateral 
rface lip the fissu about midway between the 
f the anterion vivian trunk and the point ol division 


the main sylvian fissure and hence representing audito 


This material not constant origin 
Some sections are visuosensory cortex and some are 
common cipital The sections from the 


ilcarine area may the charts the absence figure 


the lamina attempt was made count the satellites 


The ( int has been mad to include the two mao points ot 


nterest, viz.: The number satellites and their distribution 


zonalis, (2) granularis externa, pyramid lis, (4) granularis interna, 


and (6) been adopted for this purpose, 
ind attempt has been made count only cells which conform 
the ich layer Thus in the lamina pyran dalis only large 
pyramidal cells have been counted, &c. This leads some difficulty 
some cortices, such the precentral and agranular frontal which 


granularis interna and the 


where the granule layer and the lamina 
pyramidalis not well with characteristic cells homologous 
those other regions has seemed advisable, however, for the 
present purpose use one classification for all cortices, and hence the 
counts are made with the omission figure lamina the pre- 
central and agranular frontal, and lamina the while 
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the reduplicated lamina granularis interna the visual cortex 
considered one layer. effort was made 
neuroglia nuclei the zonal 

each lamina the count has been 
satellites found with 
record made increments 


less satellites with nerve-cells 


Only 
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